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The  New  Croton  Reservoir  was  constructed  in  1892-1906  to  store 
an  additional  supply  of  water  from  the  Croton  watershed  for  the 
City  of  New  York.  An  aqueduct  33.12  miles  long,  having  a  capacity 
of  about  300  000  000  gal.  per  day,  was  built  to  convey  the  water 
from  this  reservoir  to  the  city. 

The  reservoir  was  formed  by  constructing  a  high  masonry  dam 
(Plate  I)  across  the  Croton  River,  about  6  miles  above  its  mouth. 
According  to  the  original  plans,  the  dam  was  to  be  built  across  the 
Croton  River  a  short  distance  above  the  old  "Quaker  Bridge,"  the 
proposed  structure  being  called  the  Quaker  Bridge  Dam.  Owing  to 
the  great  opposition  to  this  project  that  arose  at  the  "public  hear- 
ings" held  for  a  discussion  of  the  proposed  plans,  the  Aqueduct 
Commissioners  of  the  City  of  New  York,  who  had  charge  of  the  con- 
struction of  the  new  reservoir  and  aqueduct,  decided  to  build  the 
dam  about  1-1  miles  farther  up  stream,  on  lands  belonging  to  A.  P. 
Cornell  and  others.  For  this  reason  the  dam  was  first  called  the 
"Cornell   Dam,"   but   this   name  was   soon   changed   to   "The   New 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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Croton  Dam,"  as  an  older  dam,  built  3J  miles  farther  up  stream  in 
1837-1842,  was  known  as  the  Old  Croton  Dam. 

The  plans  for  the  New  Croton  Dam  were  prepared  under  the 
direction  of  the  late  Alphonse  Fteley,  Past-President,  Am.  Soc.  C.  E., 
Chief  Engineer  of  the  Aqueduct  Commissioners,  who  had  charge 
of  the  construction  of  the  work  to  January  1st,  1900,  when  he  re- 
signed on  account  of  ill  health.  He  was  succeeded  as  Chief  Engi- 
neer by  the  following  gentlemen,  all  of  whom  are  Members  of  the 
American  Society  of  Civil  Engineers:  William  R.  Hill,  January 
1st,  1900,  to  October  14th,  1903;  J.  Waldo  Smith,  October  15th, 
1903,  to  August  1st,  1905;  Walter  H.  Sears,  August  1st,  1905,  to 
date. 

Charles  S.  Gowen,  M.  Am.  Soc.  C.  E.,  was  in  immediate  charge  of 
the  construction  of  the  dam  as  Division  Engineer,  from  the  be- 
ginning to  August  31st,  1905,  when  he  resigned  and  was  succeeded 
by  Mr.  F.  B.  Rogers. 

The  contract  for  constructing  the  dam  was  awarded  on  August 
26th,  1892,  to  James  S.  Coleman,  the  lowest  bidder,  for  $4  150  573. 
Mr.  Coleman  assigned  his  contract,  on  January  2d,  1895,  to  the 
firm  of  Coleman,  Ryan  and  Brown,  who,  on  July  13th,  1898,  as- 
signed the  contract  to  Coleman,  Breuchaud  and  Coleman.  The 
original  contractor  was  the  senior  member  of  both  these  firms. 
Ground  was  broken  for  the  construction  of  the  dam  on  September 
20th,  1892,  and  the  work  was  practically  completed  by  February  1st, 
1906,  at  a  cost  of  $7  631185.69,*  the  increase  in  cost  above  the 
original  bid  being  principally  due  to  a  number  of  changes  in  the 
plans  for  the  dam. 

According  to  the  contract  plans,  the  dam  was  to  consist  of: 

First. — A  masonry  waste- weir,  about  1  000  ft.  long,  along  the 
rocky  side-hill  forming  the  north  slope  of  the  valley; 

Second. — A  masonry  dam  about  600  ft.  long,  extending  from 
the  waste-weir,  almost  at  right  angles  thereto,  across 
the  valley,  and  well  into  the  south  slope;  and, 

Third. — An  earthen  dam  with  masonry  core-wall,  about  600 
ft.  long,  forming  a  continuation  of  the  masonry  dam 
to  the  south  side  of  the  valley. 

*  This  amount  inoludes,  besides  the  cost  of  the  masonry  dam,  the  expense  of  con- 
structing about  30  miles  of  new  highways  and  of  reinforcing  about  3  miles  of  the  old 
aquecluol  submergetl  by  the  new  reservoir. 
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The  plans  were  modified  subsequently  by  building  the  whole 
dam  of  masonry  with  the  exception  of  a  length  of  145  ft.  at  the 
south  end,  which  was  made  an  earthen  dam  with  a  masonry  core- 
wall,  according  to  the  original  plans.  The  maximum  height  of  this 
earthen  dam  above  the  surface  of  the  ground  is  only  about  26  ft. 

The  general  plans  for  the  dam  and  the  construction  of  the  foun- 
dations have  been  fully  described  by  Mr.  Gowen.*  The  principal 
changes  made  in  the  plans  have  also  been  discussed  by  Mr.  Gowen.t 
These  changes  consisted  in  the  substitution  of  a  masonry  structure 
for  the  proposed  earthen  dam.  An  account  of  how  the  dam  was 
built  may  be  found  in  Mr.  Gowen's  papers;  the  writer  will  consider 
■herein  only  the  desigTi  adopted  for  the  dam. 

The  Design  of  the  Dam. — Extensive  studies  and  calculations  were 
made  in  designing  the  proposed  Quaker  Bridge  Dam.  The  profile 
and  plan  adopted  for  the  New  Croton  Dam  were  based  entirely  upon 
the  plans  prepared  for  the  Quaker  Bridge  Dam.  Therefore  the 
writer  will  explain  fully  how  the  latter  was  designed. 

The  first  plans  for  the  Quaker  Bridge  Dam  were  prepared  by 
the  engineers  of  the  Department  of  Public  Works  of  the  City  of 
New  York,  under  the  direction  of  the  Chief  Engineer,  the  late 
Isaac  Newton,  M.  Am.  Soc.  C.  E.,  who  was  assisted  by  the  late  E.  S. 
Chesbrough,  M.  Am.  Soc.  C.  E.,  the  late  J.  W.  Adams,  Past-Presi- 
dent, Am.  Soc.  C.  E.,  and  Mr.  B.  S.  Church,  as  Consulting  Engineers. 
In  this  connection  Mr.  Chesbrough  inspected  the  principal  high 
masonry  dams  in  Europe,  but,  unfortunately,  he  died  before  he 
could   write  his   report   on   the   subject. 

The  profile  designed  by  the  engineers  of  the  Department  of 
Public  Works  is  shown  in  Fig.  1.  No  report  is  on  record  explain- 
ing why  this  form  was  adopted,  but,  from  statements  made  by  the 
engineers  who  assisted  in  preparing  the  plans,  it  appears  that  the 
profile  was  determined  by  a  graphic  method  given  by  A.  de  Beauve 
in  his  "Manuel  de  I'Ingenieur  des  Pouts  et  Chaussees,"t-  a  limiting 
pressure  of  100  lb.  per  sq.  in.  being  assumed  for  both  the  up-stream 
and  the  down-stream  faces  of  the  dam  to  the  river-bed.  Below  the 
river-bed,  both  faces  were  made  vertical.     The  maximum  pressure 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLITI.  p.  469. 

+  Transactions,  A.m.  Soc.  C.  E.,  Vol   L  VI,  p.  32. 

t  A  translation  of  that  part  of  the  "  Manuel  de  rin^^nienr"  which  gives  the  graphic 
method  was  male  for  the  Department  of  Public  Works  by  the  late  E.  Sherman  Gould- 
M.  Am.  Soc.  C.  E. 
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at  the  foundation  was  calculated  to  be  274  lb.  per  sq.  in.  at  the 
down-stream  face,  and  197  lb.  per  sq.  in.  at  the  up-stream  face. 

The  reason  which  induced  the  engineers  to  make  both  faces  of 
the  dam  vertical  below  the  river-bed  is  not  apparent;  nor  is  it  clear 
why  they  were  willing  to  subject  the  masonry  at  the  down-stream 
face  of  the  foundation  to  a  pressure  of  nearly  20  tons  per  sq.  ft. 
The  following  explanations  of  these  points  have  been  made  un- 
officially  by  some  of  the  engineers  who  assisted  Mr.  Isaac  Newton 
in  making  the  designs : 

1. — It  was  assumed  that  below  the  river-bed  the  water  pressures 
against  the  up-stream  and  down-stream  faces  of  the  dam  balanced 
each  other.  This  view  is  evidently  incorrect,  as  the  water  pressure 
on  the  down-stream  face  (assuming  the  river-bed  to  be  saturated 
with  water)  would  only  be  equal  to  the  increase  in  water  pressure 
on  the  up-stream  face  below  the  river-bed. 

2. — The  masonry  below  the  river-bed,  being  supported  laterally 
by  the  back-filling,  could  support  safely  much  greater  pressures  than 
the  masonry  above  the  river-bed.  Although  this  statement  is  prob- 
ably correct,  it  would  be  impossible,  in  the  present  state  of  knowl- 
edge, to  estimate  how  much  additional  strength  would  result  from 
this  support.  It  was  also  stated  that  the  friction  between  the 
masonry  below  the  river-bed  and  the  back-filling  would  relieve  part 
of  the  pressure  on  the  masonry. 

The  plans  for  the  Quaker  Bridge  Dam,  received  from  the  Depart- 
ment of  Public  Works,  were  referred  by  the  Aqueduct  Commission- 
ers to  their  own  Engineer  Department,  at  the  head  of  which  they 
had  placed  Mr.  B.  S.  Church  as  Chief  Engineer,  Mr.  A.  Eteley  as 
Deputy  Chief  Engineer,  and  Joseph  P.  Davis,  M.  Am.  Soc.  C.  E., 
as  Consulting  Engineer.  These  engineers  made  a  very  thorough 
investigation  of  the  subject  of  high  masonry  dams.  The  mathe- 
matical part  of  the  studies  was  assigned  to  the  writer,  who,  at  the 
time,  was  Assistant  Engineer  of  Construction  in  the  service  of  the 
Aqueduct  Commissioners. 

At  that  time  (1884)  there  was  only  one  high  masonry  dam  in 
the  United  States,  the  Boyd's  Corners  Dam,  78  ft.  high,  constructed 
in  1866  to  1872,  in  Putnam  County,  N.  Y.  Several  high  masonry 
dams  had  been  built  or  were  under  construction  in  Prance,  notably 
the   Furens   Dam,   164  ft.    high,   built   in    1862   to   1866,   near   St. 
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Etienne.  Very  little  had  been  published  about  high  masonry  dams 
in  English  engineering  literature,  but  a  number  of  articles  on  this 
subject  had  appeared  in  the  Annales  des  Fonts  et  Ghaussees.  The 
first  search  made  by  the  engineers  of  the  Aqueduct  Commission  was 
for  methods  of  proportioning  the  profile  of  a  masonry  dam,  and 
the  following  were  found : 

1. — De    Sazilly's    method,    in   his   memoirs    on    "A    Type    of 

Profile    of    Equal    Resistance    for    Reservoir    Walls." 

{Annales  des  Fonts  et  Chaussees,  1852.) 
2. — Delocre's  method,  in  his  memoir  on  the  form  of  profile 

to  be  adopted  for  high  reservoir  walls.     {Annales  des 

Fonts  et  Chaussees,  1866.) 
3. — Professor  W.  J.  M.  Rankine's  method,  in  his  "Report  on 

the    Design    and    Construction    of    Masonry    Dams," 

(The  Engineer,  January  5th,  1872.) 
4. — Bouvier's  formulas,   in  his  memoir  on  "Calculations   of 

Resistance   of   High   Masonry   Dams."     (Annales   des 

Fonts  et   Chaussees,  1875.) 
5. — Pelletreau's   method,    in   his   memoirs    on    "Walls    which 

Sustain  the  Pressure  of  Water."     (Annales  des  Fonts 

et  Chaussees,  1876  and  1877.) 
6. — De  Beauve's  graphic  method,  given  in  his   "Manuel  de 

I'Ingenieur   des    Ponts    et    Chaussees."    (Paris,    1878.) 

The  methods  mentioned,  with  the  exception  of  some  minor  varia- 
tions, are  all  based  on  the  principles  first  pointed  out  by  De  Sazilly. 
Prior  to  the  appearance  of  his  memoir,  masonry  dams  had  not 
been  designed  according  to  scientific  principles.  In  fact,  it  has 
been  shown  that  some  of  the  dams  built  would  be  stronger  if  their 
positions  were  reversed,  the  up-stream  face  being  turned  down 
stream.  De  Sazilly  stated  that,  in  order  to  be  safe,  a  masonry  dam 
must  comply  with  the  following  two  conditions: 

a. — The  pressures  on  the  masonry  or  on  the  foundation  must 

not  exceed  certain  safe  limits;  and 
'6. — There  must  be   an   ample  margin  of  safety  against  the 

dam  sliding  on  its  foundation,  or  shearing  apart. 
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He  was  unable  to  devise  a  formula  satisfying  these  two  condi- 
tions, but  found  that  if  a  profile  were  designed  to  satisfy  the  first 
condition,  the  pressure  on  the  masonry  and  the  foundations  being 
limited  to  from  8  000  to  12  000  lb.  per  sq.  ft.,  there  would  be  no 
possibility  of  the  dam  sliding  or  shearing  apart.  If  a  dam  should 
be  designed  to  sustain  greater  pressures  on  the  masonry  and  founda- 
tion, and  if  it  were  found,  on  trial,  that  it  did  not  have  sufficient 
resistance  to  sliding  or  shearing,  De  Sazilly  recommended  that  the 
profile  be  recalculated  with  a  lower  limit  of  safe  pressure,  until  a 
profile  was  obtained  that  satisfied  both  the  above-mentioned  con- 
ditions. 

Resolving  the  inclined  resultant  of  the  water  pressure  and  the 
weight  of  the  masonry  into  horizontal  and  vertical  components,  De 
Sazilly  considered  the  former  component  to  be  resisted  at  the  base 
of  the  dam  by  the  friction  between  the  base  and  the  foundation,  and 
by  the  adhesion  of  the  masonry  to  the  foundation.  He  assumed 
the  vertical  component  to  be  distributed  on  the  base  of  the  dam  as 
a  uniformly  varying  pressure.  This  distribution  can  be  represented 
graphically  by  plane  figures,  the  centers  of  gravity  of  which  lie  in 
the  line  of  action  of  the  vertical  component.     Four  cases  may  arise: 

I.— When  the  vertical  component  intersects  the  base  of  the  dam 
at  its  center,  the  distribution  of  pressure  is  shown  by  a  rectangle, 
the  area  of  which  represents  the  total  pressure. 

II. — When  the  vertical  component  intersects  the  base  between 
its  center  and  the  limit  of  its  center-third,  the  distribution  of  pres- 
sure is  shown  by  a  trapezoid. 

m. — When  the  component  intersects  the  base  just  at  the  limit 
of  its  center-third,  the  trapezoid  of  distribution  becomes  a  triangle. 

IV.- — When  the  line  of  action  of  the  vertical  component  crosses 
+he  base  between  the  limit  of  its  center-third  and  the  nearer  ex- 
tremity of  the  base,  the  distribution  is  shown  by  two  triangles,  one 
representing  a  negative  strain,  or  tension,  and  the  other  a  positive 
strain,  or  compression. 

Formulas  can  readily  be  derived  by  calculating  the  maximum 
pressures  resulting  from  the  above-mentioned  distribution  of  pres- 
sure.*    For  the  trapezoid  diagram,  which  changes  from  a  rectangle 

*  "  The  Design  and  Construction  of  Dams,"  by  Edward  Wegmann,  M.  Am.  Soc.  C.  E  , 

p.  to. 
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to  a  triangle  as  the  line  of  action  of  the  vertical  component  moves 
from  the  center  of  the  base  to  the  limit  of  its  center-third  it  will  be 
found  that: 

2  Tr  /   ^        3  tt\  ^  ,  ^ 

^  =  -7-    {'^-~l    ) (^^^ 

in  which 

l^^  =  the  vertical   component  of  the  resultant  pressure; 
u  =  the  distance  of  the  line  of  action  of  W  from  the  nearer  edge 

of  the  base; 
p  =  the  .maximum  intensity  of  pressure  on  the  base; 
/  =  the  width  of  the  base. 

When  ((   =    „,  the  trapezoid  of  reaction  becomes  a  triangle,  and 

2  W 

"  =  — <'') 

When  "  <  -T^  tliere  should  be,  according  to  the  laws  of  a  uniformly 

varying  stress,  a  positive  and  a  negative  triangle,  the  former  rep- 
resenting the  pressure  on  the  foundation,  the  latter  the  tension  on 
the  base ;  but  as  it  would  be  unsafe  to  depend  upon  the  tension  in  the 
masonry,  it  is  best  to  neglect  it  in  calculating  the  pressure  on  the 
foimdation,  which  may  be  found  by  the  formula: 

^=317 ^^) 

Formulas  A,  B  and  C  can  be  used  for  calculating  the  pressures 
in  the  masonry  at  any  horizontal  plane  by  assuming  a  horizontal 
joint  at  this  plane.  A  dam  should  be  built  as  nearly  monolithic  as 
possible,  by  having  the  stones  break  joints  in  all  directions,  yet  it 
is  assumed,  for  convenience  in  making  the  calculations,  that  hori- 
zontal joints  occur  at  regular  intervals. 

The  distribution  of  pressure  given  by  Formulas  A,  B  and  C  has 
been  thus  far  assumed  by  all  writers  wdio  have  proposed  methods  of 
calculating'  profiles  for  masonry  dams.  The  late  J.  B.  Francis, 
Past-President,  Am.  Soc.  C.  E.,  in  a  paper  on  "High  Walls  or  Dams 
to  Resist  the  Pressure  of  Water,"'^'  drew  attention  to  the  fact  that, 
owing  to  the  elasticity  of  the  masonry,  the  real  distribution  of  pres- 
sure is  probably  somewhat  different  from  what  is  given  by  the  above- 

*  Transactions.   Am.  Soc.  C.  E.,  Vol.  XIX,  p.  147. 
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mentioned  formulas,  the  pressures  at  the  faces  of  the  dam  being 
less,  and  those  near  the  center  of  the  dam  greater,  than  the  values 
calculated  by  these  formulas.  While  this  statement  is  probably 
correct,  no  rational  formula,  taking  the  elasticity  of  the  masonry 
into  account,  has  yet  been  proposed.  As  it  is  probable  that  For- 
mulas A,  B  and  C  exaggerate  the  amount  of  pressure  near  the  faces 
of  the  dam,  where  the  masonry  is  weakest,  they  are  evidently  safe. 

De  Sazilly  calculated  the  resistance  of  a  dam  to  sliding  or  shear- 
ing, in  the  following  manner: 

In  Fig.  2 : 
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Fig.  2. 

Let  H  =  the  horizontal  thrust  of  the  water ; 
cZ  =  the  depth  of  the  water; 
Z  =  the  length  of  the  base  of  the  dam,  ah; 
W  =  the  total  vertical  pressure  on  the  base; 
B  =  the  resultant  of  H  and  W; 
f  =  the  coefficient  of  friction ; 
e  =  the  adhesion  of  the  base  to  its  foundation  per  unit 

of  length; 
*  =  the  angle  made  by  B  with  a  vertical  line. 


The  dam  cannot  slide  on  its  foundation  without  overcoming  the 
friction  which  would  result  from  this  motion  and,  also,  the  ad- 
hesion of  the  base  of  the  dam  to  the  foundation. 

Equilibrium  is  assured  when 

H=f  ir+e  1 (D) 

This  formula  may  be  applied  to  any  assumed  horizontal  joint 
above  the  base;  in  which  case  e  will  represent  the  cohesion  of  the 
masonry.  The  value  of  f,  as  taken  by  different  writers,  has  varied 
from  0.67  to  0.Y5;  the  value  of  e,  while  considerable,  has  not  yet 
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been  determined.     De   Sazilly  recommended  neglecting   e   I,  as  an 
additional  margin  of  safety,  and  writing: 

H^fW (E) 

.=  -ff  .  .    ,, 

whence,  /  ^  „^  =  tan.  i (t  ) 

which  gives  the  least  value  of  f  which  will  prevent  sliding.  For- 
"  mula  E  can  be  used  for  calculating  the  resistance  of  the  dam  to 
shearing  at  any  assumed  horizontal  joint;  in  which  case  f  repre- 
sents the  resistance  to  shearing. 

The  foregoing  method  of  determining  the  resistance  of  the  dam 
to  sliding  or  shearing  has  been  followed  thus  far  by  all  writers  on 
the  subject. 

De  Sazilly  stated  that,  in  making  calculations  for  determining 
the  profile  of  a  dam,  two  extreme  cases  should  be  considered, 
namely,  reservoir  full  and  reservoir  empty.  In  the  first  case  .the 
pressures  at  the  down-stream  face  of  the  dam  reach  their  greatest 
intensity,  while  in  the  second  ease  the  pressures  at  the  up-stream 
face  reach,  their  greatest  values.  To  obtain  the  most  economical 
profile  for  a  dam,  the  design  should  be  made  so  that  the  maximum 
pressures  at  both  faces  are  equal  to  the  adopted  limit  of  safe  pres- 
sure. De  Sazilly  called  this  type  a  profile  of  equal  resistance.  He 
obtained  differential  equations  for  determining  the  faces  of  such 
a  profile,  but  was  unable  to  integrate  them.  Close  approximations 
to  the  theoretical  profile  of  minimum  area  may  be  obtained  by  sub- 
stituting for  curved  faces  either  polygonal  outlines  or  steps.  De 
Sazilly  adopted  the  latter  alternative,  and  designed  a  stepped  profile. 
Fig.  3,  for  which  he  devised  equations  of  the  fourth  degree. 

The  next  writer  on  the  subject,  M.  Delocre,  who  made  the 
theoretical  studies  for  the  Furens  Dam,  in  France,  the  highest  dam 
in  Europe,  adopted  all  the  principles  laid  down  by  De  Sazilly,  but 
gave  the  profile  of  the  dam  polygonal  outlines.  Fig.  3,  as  the  steps 
proposed  by  De  Sazilly  involve  a  waste  of  masonry  and  an  addi- 
tional expense  in  cutting  them.  Delocre's  method  is  quite  labo- 
rious, and  involves  the  solution  of  equations  of  the  sixth  degree. 

About  1871,  Professor  W.  J.  M.  Rankine  was  requested,  in  con- 
nection with  some  proposed  reservoirs  for  Bombay,  India,  to  make 
a   mathematical    investigation    of   the   best   form    of   profile    for    a 
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masonry  dam.  Rankine  adopted  the  same  general  principles  as 
De  Sazilly  and  Delocre,  but  stated  that,  in  addition  to  limiting 
the  pressures  in  the  masonry,  it  was  important  to  keep  the  lines 
of  pressure,  reservoir  full  or  empty,  within  the  center-third  of  the 
profile,  in  order  to  avoid  tension  in  the  masonry. 


COMPARISON   OF  PROFILE  TYPES. 


.De  S.iziUy's  Type 
.Delocre's         " 
-i'lof.  Raiikiiie's  ' 
.  Krantz's        " 


C'ni^iiolii's 


Scale  of  ^Meters 


Fig.  3. 


In  calculating  the  maximum  pressures  in  the  masonry,  the 
French  engineers  assumed  the  same  limit  of  safe  pressure  for  the 
up-stream  and  down-stream  faces,  and,  for  the  case  of  "reservoir 
full,"  they  only  considered  the  vertical  component  of  the  weight 
of  the  masonry  and  of  the  horizontal  thrust  of  the  water,  in  calcu- 
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lating"  the  distribution  of  pressure  at  any  assumed  horizontal  joint. 
Rankine,  however,  states  in  his  report: 

"It  appears  to  me  that  there  are  the  following  reasons  for 
adopting  a  lower  limit  at  the  down-stream  than  at  the  up-stream 
face.  The  direction  in  which  the  pressure  is  exerted  among  the 
[-.articles  close  to  either  face  of  the  masonry  is  necessarily  that  of  a 
tangent  to  that  face;  and,  unless  the  face  be  vertical,  the  pressure 
found  by  means  of  the  ordinary  formula?  is  not  the  whole  pressure, 
but  only  its  vertical  component;  and  the  whole  pressure  exceeds  the 
vertical  pressure  in  a  ratio  which  becomes  the  greater,  the  greater 
the  'batter'  or  deviation  of  the  face  from  the  vertical.  The  down- 
stream face  of  the  dam  has  a  much  greater  batter  than  the  up- 
stream face;  therefore,  in  order  that  the  masonry  of  the  down- 
stream face  may  not  be  more  severely  strained  w^hen  the  reservoir 
is  full  than  that  of  the  up-stream  face  when  the  reservoir  is 
empty  a  lower  limit  must  be  taken  for  the  intensity  of  the  vertical 
pressure  at  the  down-stream  face  thus  at  the  up-stream  face  *  ^  *." 

In  the  present  state  of  knowledge,  Rankine  did  not  consider  it 

possible  to  deduce  by  mathematics   the   ratio  which   the   limits  of 

j-tressure  at  the  up-stream  and  down-stream  faces  ought  to  bear  to 

each  other,  and,  therefore,  he  fixed  the  limits  which  he  adopted  in 

designing  a  profile  entirely   by  what  experience  had  shown  to  be 

safe,   in   connection   with   masonry   dams.     The   limits   of   pressure 

which  he  adopted  are: 

Limits  of 

vertical  pressure,  in  pounds 

per  square  foot. 

Down-stream    face 15  625 

Up-stream    face 20  000 

The  same  reasoning  which  led  Rankine  to  recommend  a  lower 
limit  of  vertical  pressure  for  the  down-stream  than  for  the  up- 
stream face  induced  him  to  make  the  vertical  pressiires  at  the  down- 
stream face  diminish  as  the  batter  increases.  Basing  this  diminu- 
tion on  practical  examples,  he  designed  his  profile  type  so  as  to 
have,  at  a  depth  of  150  ft.,  the  maximum  pressure  that  occurs  in 
the  Furens  Dam  at  the  same  depth,  namely,  6J  kg.  per  sq.  cm.,  or 
about  6.65  tons  (of  2  000  lb.)  per  sq.  ft.  Below  this  depth,  the 
maximum  vertical  pressures  diminish  gradually  in  Rankine's  pro- 
file-type. 

The  conditions  given  by  Rankine  do  not  determine  the  form  of 
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the  profile,  but  when  there  is  added  the  practical  requirement  that, 
with  a  view  to  economy,  the  profile  should  have  the  minimum  area 
consistent  with  safety,  the  choice  of  profile  becomes  limited.  The 
methods  of  De  Sazilly  and  Delocre  involve  lengthy  and  compli- 
cated calculations.  Rankine  devised  simpler  formulas  for  deter- 
mining the  form  of  a  profile.  Owing  to  his  having  assumed  a 
higher  limit  of  pressure  for  the  up-stream  than  for  the  down-stream 
face,  the  batter  of  the  down-stream  face  becomes  much  steeper  than 
that  of  the  French  types.  The  weight  of  the  water  resting  on  the 
steep  up-stream  face  of  such  a  profile  can  add  but  little  to  the 
stability  of  the  dam.  Eankine  neglected  this  force  in  his  formulas, 
as  the  slight  error  thus  introduced  is  in  the  direction  of  safety. 
This  omission  simplifies  the  formulas.  The  profile  recommended  by 
Rankine  is  described  by  him  as  follows: 

"In  choosing  a  form  in  order  to  fulfil  the  conditions,  without  any 
practical  important  excess  in  the  expenditure  of  material  beyond 
what  is  necessary,  I  have  been  guided  by  the  consideration  that  a 
form  whose  dimensions,  sectional  area,  and  center  of  gravity,  under 
different  circumstances,  are  found  by  short  and  simple  calculations 
is  to  be  preferred  to  one  of  a  more  complex  kind,  when  their  merits 
in  other  respects  are  equal,  and  I  have  chosen  logarithmic  curves 
for  both  the  inner  and  the  outer  face,  the  common  subtangent  being 
80  ft.  for  both."     (Fig.  3.) 

The  formulas  given  by  Rankine  for  this  profile  are  exceedingly 
simple,  but  they  give  only  one  profile,  the  dimensions  of  which  might 
as  well  be  calculated  once  for  all.  If  a  change  is  made  in  the  weight 
of  masonry,  the  limiting  pressures,  etc.,  upon  which  this  profile  is 
based,  the  formulas  given  are  incapable  of  solution  by  any  direct 
method,  and  can  only  be  solved  approximately  by  a  process  of  trial 
and  error  involving  the  higher  mathematics.  If  such  a  method 
would  give  the  most  economical  profile  for  a  dam,  there  might  be  no 
objections  to  using  it;  but  such  is  not  the  case.  The  logarithmic 
profile  proposed  by  Rankine  is  only  a  rough  approximation  to  the 
profile  of  minimum  area  fulfilling  the  given  conditions,  and,  if  it 
be  continued  for  a  greater  depth  than  150  ft.,  the  down-stream  face 
becomes  so  flat  that  it  cannot  be  used  for  a  practical  design. 

Rankine  appears  to  have  been  the  only  English  writer  who  pro- 
posed formulas  for  calculating  an  economic  profile  for  a  masonry 
dam.     Since  the  appearance  of  his  report  on  the  "Design  and  Con- 
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struction  of  Masonry  Dams,"  some  additional  memoirs  on  this  sub- 
ject have  been  published  in  the  Annales  des  Fonts  et  Chaussees. 

Bouvier  proposed  to  modify  Formulas  A,  B  and  C  so  as  to  cal- 
culate the  distribution  of  the  whole  resultant  of  the  water  pressure 
and  the  weight  of  masonry  on  an  assumed  joint  at  right  angles  to 
the  line  of  action  of  the  resultant. 

Pelletreau  advanced  a  method  of  determining  a  profile-type.  By 
the  higher  mathematics,  he  found  a  simple  series  expressing  the 
thickness  of  the  dam  at  any  depth,  as  long  as  the  up-stream  face 
remains  vertical.  He  did  not  succeed,  however,  in  finding  a  general 
formula  for  that  part  of  a  dam  where  both  faces  are  battered. 

A  graphic  method  of  finding  a  correct  profile  for  a  masonry 
dam  is  given  by  de  Beauve  in  his  "Manuel  de  I'Ingenieur  des  Ponts 
et  Chaussees"  (Paris,  1878).  It  gives  accurate  results,  but  is 
laborious. 

Krantz  proposes  some  profile-types  (Fig.  3)  in  his  book  entitled 
"A  Study  of  Reservoir- Walls"  (Paris,  1870),  but  he  gives  no  for- 
mulas for  determining  their  dimensions. 

Crugnola,  the  Italian  engineer,  likewise  has  given  profiles  for 
masonry  dams  (Fig.  3),  without  formulas,  in  his  book  on  dams 
(Turin,  1882). 

Molesworth,  in  his  pocketbook  for  engineers,  has  given  empiri- 
cal formulas  for  determining  the  profile  of  a  dam. 

The  methods  of  determining  the  profile  of  a  dam  and  the  pro- 
posed types  mentioned  above  are  all  that  the  writer  was  able  to 
find  in  1884,  when  the  calculations  for  the  proposed  Quaker  Bridge 
Dam  were  being  made.  They  are  all  very  laborious  and  more  or 
less  complicated,  when  used  for  calculating  profiles  based  upon 
different  data  as  regards  weight  of  masonry,  limiting  pressures,  etc. 

In  calculating  the  dimensions  of  the  first  profiles  for  the  Quaker 
Bridge  Dam  for  different  data,  the  writer  used  a  simple  process  of 
trial  calculation  instead  of  the  complicated  methods  described  above. 
The  profiles  were  based  upon  the  following  conditions : 

1. — The  lines  of  pressure,  reservoir  full  or  empty,  must  be 
kept  within  the  center-third  of  the  profile. 

2. — The  maximum  pressures  on  the  masonry  or  on  the  foun- 
dation must  not  exceed  certain  safe  limits,  a  greater 
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limit  of  pressure  being  assumed  for  the  up-stream  than 
for  the  down-stream  face. 
3. — The   dam   must   offer   sufficient   resistance   to   sliding   or 
shearing. 

The  distribution  of  pressure  and  the  resistance  to  sliding  were 
calculated  by  the  formulas  given  by  De  Sazilly. 

The  width  of  the  profile  was  determined  by  trial  calculations  at 
regular  intervals,  usually  of  10  or  20  ft.  A  vertical  axis  of  moments 
was  taken  at  a  convenient  distance  up  stream  from  the  dam,  and 
the  positions  of  the  lines  of  pressure,  reservoir  full  and  reservoir 
empty,  were  determined  at  each  assumed  horizontal  joint  by  taking- 
moments  about  the  axis.  The  top  width  of  the  dam  being  given,, 
both  faces  were  kept  vertical  until  a  joint  was  reached,  at  a  depth 
fotind  by  trial,  at  which  the  line  of  pressure,  reservoir  full,  just 
reached  the  limit  of  the  center-third  of  the  profile.  Below  this  joint 
the  down-stream  face  was  battered  so  as  to  keep  the  line  of  pres- 
sure, reservoir  full,  just  on  the  limit  of  the  center-third  of  the  dam, 
while  the  up-stream  face  was  kept  vertical  until  a  joint  was  reached 
where  the  line  of  pressure  for  reservoir  empty  was  at  the  limit  of 
the  center-third  of  the  profile.  Below  this  joint  both  faces  of  the 
dam  were  battered  so  as  to  keep  the  lines  of  pressure,  reservoir  full 
and  reservoir  empty,  just  on  the  limits  of  the  center-third  of  the 
profile. 

The  upper  part  of  the  profile  was  based  solely  upon  the  condi- 
tion that  the  lines  of  pressure,  reservoir  full  or  empty,  should  be 
within  the  center-third  of  the  profile,  as  the  pressures  on  the  masonry 
are  inconsiderable.  After  a  number  of  courses  had  been  determined 
by  this  principle,  a  joint  was  foi;nd  at  which  the  maxinuim  pres- 
sure at  the  down-stream  face  reached  the  given  limit.  For  the 
next  courses,  the  down-stream  face  was  given  more  batter  so  as  to 
keep  the  maximum  pressures  at  the  down-stream  face  on  the  given 
limit,  but  the  batter  of  the  up-stream  face  was  continued  so  as  to 
keep  the  line  of  pressure,  reservoir  empty,  just  on  the  limit  of  the 
center-third  of  the  profile,  until  a  joint  was  reached  at  which  the 
maximum  pressure  at  the  up-stream  face  was  found  to  be  equal  to 
the  assumed  limit.  Below  this  joint  both  faces  were  battered  so  as. 
to  keep  the  maximum  pressures  at  the  faces  on  the  given  limits. 
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From  tlu'  process  described  above  it  will  be  seen  that  the  joints 
of  tlie  dam  are  not  based  upon  the  same  condition.  We  have,  com- 
mencing- at  the  top : 

1. — A  part  of  the  profile  where  both  lines  of  pressure,  reservoir 
full  and  reservoir  empty,  lie  within  the  center-third  of  the  profile; 

2. — A  part  where  the  line  of  pressure,  reservoir  fvdl,  lies  just 
(.11  the  limit  of  the  center-third  of  the  pi'ofile,  while  the  line  of  pres- 
sure, reservoir  empty,  is  within  the  center-third; 

.']. — A  part  where  the  lines  of  pressure,  for  reservoir  full  and 
empty,  both  lie  on  the  limits  of  the  center-third  of  the  profile ; 

4. — A  part  where  the  maximum  pressures  at  the  down-stream 
face  just  reach  the  given  limit,  while  the  limit  of  pressure  is  not 
yet  reached  at  the  vip-stream  face;  and, 

5. — A  part  where  the  maximum  pressures  at  both  faces  are  kept 
just  on  the  given  limits  of  pressure. 

After  the  first  profiles  had  been  determined  for  the  Quaker 
Bridge  Dam  by  trial  calculations,  as  described  above,  the  writer 
devised  a  simple  analytical  method  of  determining  the  width  of  the 
profile  of  a  masonry  dam  at  regular  intervals,  which  was  used  in  the 
final  calculations.     It  was  developed  in  the  following  manner : 

Assuming  the  highest  water  level  at  the  top  of  the  dam,  and 
taking,  for  convenience  in  the  calculations,  1  cu.  ft.  of  masonry  as 
the  unit  of  weight  or  pressure : 

Let  a  =  the  top  width  of  the  dam ; 

a;  ^  the  unknown  length  of  a  joint  of  masonry; 
/  =  the  known  length  of  the  joint  above  x; 

h  =  the  vertical  distance  betw^een  I  and  x; 

u  =  the  distance  of  the  line  of  pressure,  reservoir    full,  from 
the  down-stream   edge  of  x; 

II  =  the   distance   of  the   line  of   pressure,    reservoir  empty, 
from  the  up-stream  edge  of  x; 

m  =  the  distance  of  the  line  of  pressure,   reservoir   empty, 
from  the  up-stream  edge  of  I; 

V  =  the  distance  on  the  joint,  x,  between  the  lines  of  pres- 
sure, reservoir  full  and  reservoir  empty; 

d  =  the  depth  of  water  at  the  joint,  x; 

r  =  the  specific  gravity  of  the  masonry ; 
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H  =:  ^ —  =  the  horizontal  thrust  of  the  water  above  x: 
2  r 

M  =  - —  =  the  moment  of  the  water  relative  to  x: 
6  r 

W  =  the  weight  of  the  masonry  resting  on  x; 

w  =  the  weight  of  the  masonry  resting  on  I; 

B^the  resultant  of  H  and  W; 

p  =  the  limiting  pressure  per  sqviare  foot  at  the  down-stream 

edge  of  x; 
q  =  the  limiting  pressure  per  square  foot  at  the  up-stream 

edge  of  X. 

The  vertical  component  of  the  water  pressure  on  the  up-stream 
face  of  the  dam  is  neglected,  as  recommended  by  Rankine,  as  the 
trifling  error  thus  made  is  in  the  direction  of  safety. 

JI 


d 
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Fig.  4. 
The  lines  of  pressure,  reservoir  full  and  empty,  divide  each  as- 
sumed horizontal  joint  of  the  dam  into  three  parts  (Fig.  4).     For 
the  joint,  x: 

X  =  u  +  '■-+-  n (1) 


As 


M  ^  W  r,  then  v 


M 
W 


Assuming  each  covirse  of  masonry  to  be  bounded  by  straight  lines, 
then 

(I  +  X)  h 


W  =  w  + 


M 


Substituting  in  Equation  1  for  v  the  value,  _-^,  and  for  TI^ the  value, 


,    (^  +  ^)  h  ,      . 

w  -\ ^ — ,  we  obtam 


a*  =  ?f  + 


w  -\- 


M 

(I  +  X)  h 


+  n. 


(2) 


Tapers.]  the    DESIGN   OF   THE   NEW    CROTON   DAM.  19 

By  substituting  in  Equation  2  for  u  and  n  the  proper  values 

resulting  from  the  given  conditions,  the  minimum  thickness  of  a 

dam  can  be  calculated  at  intervals  as  close  as  desired.     In  the  upper 

parts  of  the  dam,  where  the  only  requirement  is  to  keep  the  lines  of 

pressure  within  the  center-third  of  the  profile,  we  must  write : 

X         ,  X 

i(  =     ,  and  n  =  .5. 

When  the  limiting  pressures,  p  and  q,  are  reached,  the  values  of 
u  and  n  are  obtained  from  Formula  A,  namely: 

2  X        p  a^         -  2  a-        q  0^ 

As  far  as  the  thrust  of  the  water  is  concerned,  the  top  width  of 
a  dam  might  theoretically  be  0;  but,  as  the  dam  must  also  resist  the 
shocks  caused  by  waves  and  floating  bodies,  the  top  must  have  a  cer- 
tain width,  and  this  is  to  be  determined  solely  by  practical  considera- 
tions. Generally,  the  top  is  made  sufiiciently  wide  to  serve  as  a 
roadway.  Whatever  the  width  assumed,  it  gives  the  dam  an  excess  of 
strength  at  the  top  to  resist  the  thrust  of  the  water.  In  order  to 
reach  the  minimum  width  of  profile  to  resist  this  thrust,  both  faces 
of  the  dam  must  be  kept  vertical  until  a  joint  is  reached  at  which 
the  line  of  pressure,  reservoir  full,  is  just  at  the  limit  of  the  center- 
third  of  the  profile.  The  depth  at  which  this  joint  will  be  found 
can  be  ascertained  from  Equation  2  by  making  the  following  sub- 
stitutions : 

«  f*     7         ,  ^     ,^        (^* 

X  =  (  =  o:  u  =  „  :  n  =  ^-.i  h  =  a:  lo  =  0:  M  =  - — . 
3  2  b  r 

After  reducing, 

d  =  a  V  r (3) 

For  the  next  courses,  the  down-stream  face  must  be  battered  so 
as  to  keep  the  line  of  pressure,  reservoir  full,  on  the  limit  of  the 
center-third  of  the  profile;  but  the  up-stream  face  must  be  kept 
vertical  until  a  joint  is  reached  where  the  line  of  pressure,  reservoir 
empty,  lies  on  the  limit  of  the  center-third  of  the  profile.  Between 
this  joint  and  the  one  formed  by  Equation  3,  there  will  be  several 

X  X 

joints  having  it  =  .-, ,  and  n  >  .  .     The  value  of  n  may  be  found  by 
taking  moments  around  the  up-stream  face  of  the  dam  and  placing 
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the  moment  of  the  whole  weig-ht  equal  to  the  sum  of  the  moments  of 
its  parts.     In  this  manner  it  will  be  found  that 

(x^  +  Z  a;  +  ?)  ,!  +  w  m 

D 

"  ^  (X  +   I)   ?l 


X 

Substituting  in  Equation  2.  u  =    „  ,  and   the  above   vahie  of  m. 


we  obtain,  after  reducing: 

x^  +   (x^  +  l)  X  =  I  (w  m  +  31)  +  Z' (4) 

This  equation  may  be  used  for  a  number  of  joints  until  one  is 
reached  where  the  line  of  pressure,  reservoir  empty,  is  on  the  limit 
of  the  center-third  of  the  profile.  Below  this  joint  both  faces  of  the 
dam  must  be  battered  so  as  to  keep  the  lines  of  pressure,  reservoir 
full  and  reservoir  empty,  on  the  limit  of  the  center-third  of  the 
profile. 

For  these  joints  we  must  place 

X  J' 

u  =  -,  and  n  =  1^,  in  Equation  2. 
3  o 

After  reduction,  we  obtain: 

(2  w  +  l)x  _    6  M 

^  +  h  -  "T ^'"'^ 

Equation  5  can  be  used  until  a  joint  is  reached  where  the 
maximum  pressures  on  the  masonry  reach  either  the  limit,  i)  or  q. 
As  it  has  been  assumed  that  p  <i  q,  accordins;  to  Rankine's  recom- 
mendation, the  limit  of  pressure  will  be  reached  first  at  the  down- 
stream face.  For  these  joints.  Formula  A  gives 
2  X  p  X? 

and  n  =  -^. 

'^^i'lfestituting  these  values  in  Equation  2,  and  reducing,  gives 

.,6  M 
^'-^ ^•5) 

This  equation  may  be  used  for  a  number  of  joints,  until  one  is 
reached  where  the  pressure  at  the  up-stream  edge  equals  the  limit,  q_, 
Bfelbw  this  joint' 'the  pressures,  both  at  the  down-stream  and  the  up- 
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stream  fnces,  iiuist  be  kept  at  the  given  limits,  and  therefore,  from 
Formula  A: 

2  X  p  X- 


i(  = 


•■'    4„.  +  <_^+Mj 


2  X  q  x^ 

11   =   ~: 


^        6  [,,  +  <- +  '>"]• 

Substituting  these  values  in  Equation  2,  and  reducing,  gives 

■>-'  (P  +  q  —  h)  —  •>  X   (2  +  y*)  =6  3/ (7) 

From  Equations  3  to  7,  inclusive,  may  be  calculated  the  width 
of  the  profile  at  intervals.  If  these  intervals  are  sufficiently  small 
(about  10  ft.),  the  change  from  one  equation  to  the  next  comes  so 
gradually  that  there  is  no  difficulty  in  knovi^ing  which  to  use. 
Equations  6  and  7,  which  apply  to  that  part  of  the  profile  where 
both  faces  are  battered,  give  the  lengths  of  the  joints,  but  do  not 
fix  their  position  with  reference  to  a  vertical  axis,  for  which  pur- 
pose the  following  two  auxiliary  equations  are  required.  They  give 
the  amount  of  batter  of  the  up-stream  face  for  the  course  in  ques- 
tion. This  batter,  which  is  denoted  in  the  formulas  by  y,  is  found 
by  taking  moments  about  the  up-stream  edge  of  the  joint,  x. 

For  the  joints  found  by  Equation  6 : 

_2w{x-—?,m)  —  hl? 
y  ^  "6^^+  h  {2  1  +  X) (8) 

For  the  joints  found  by  Equation  7: 

_  n;  (4  X  -  6  m)  +  I  h  (.,•  -  Z)  +  x'  (h  -  q) 
^  ^w-\-h(2l  +  x)  ^^ 

Equations  3  to  9,  inclusive,  were  used  for  determining  the  profile 
of  the  Quaker  Bridge  Dam  above  the  river-bed.  For  the  part  be- 
low the  river-bed,  the  equations  were  modified  so  as  to  include  the 
weight  of  the  saturated  gravel  resting  on  the  dam.  The  modified 
equations  were  derived  by  the  late  Ira  A.  Shaler,  M.  Am.  Soc.  C.  E., 
who  calculated  the  final  profile  adopted  for  the  Quaker  Bridge  Dam. 
They  will  not  be  given  here,  as  they  are  very  lengthy. 

The  profile  of  the  Quaker  Bridge  Dam  was  based  upon  the  data 
and  conditions  stated  in  Table  1. 
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TABLE  1. — Quaker  Bridge  Dam. 


Top  of  dam 310  262 

Highest  water  level 206  258 

River-bed 35  8T 

Bed-rock —52  0 

Base  of  dam — 58 

Top  width  of  dam 20  ft. 

Weight  of  masonry,  per  cubic  foot 156i  Ib.t 

Weight  of  water,  per  cubic  foot 62^  lb. 

Weight  of  saturated  gravel  and  sand  in  river-bed,  per  cubic  foot 145.88  Ib.J 

One  cubic  foot  of  masonry  was  taken  as  the  unit  of  weight. 


Elevations. 


Croton 
datum  * 


Referred  to 
bed-rock. 


*  Mean  tide  at  the  mouth  of  the  Croton  River. 
t  Corresponding  to  a  specific  gravity  of  2J^. 

t  This  weight  was  found  by  assuming  the  sand  and  gravel  to  weigh  125  lb.  per  cu. 
ft.,  and  assuming  one-third  of  its  bulk  to  be  filled  with  water. 

Limits  of  Pressure. — From  the  top  of  the  dam  to  Elevation  110 
the  pressures  in  the  masonry,  at  the  up-stream  and  down-stream 
faces,  were  limited  to  20  625  and  16  400  lb.  per  sq.  ft.,  respectively. 
(Corresponding  to  10  and  8  kg.  per  sq.  cm.) 

From  Elevation  110  to  the  base  of  the  dam,  the  pressures  were 
allowed  to  increase  gradually,  reaching  a  maximum  of  30  000  lb.  per 
sq.  ft.  at  both  faces  of  the  base. 

The  full  water  pressure  was  assumed  to  act  as  far  as  the  base 
of  the  dam,  but  no  upward  pressure  under  the  base  was  taken  into 
account.  The  vertical  component  of  the  water  pressure  on  the  up- 
stream face  of  the  dam  was  neglected,  as  recommended  by  Rankine. 

In  order  to  form  a  practical  design,  the  theoretical  profile  found 
in  the  manner  described  above  was  modified  slightly,  as  follows : 

1. — The  top  width  was  increased  by  corbeling  out  to  give  the 
width  required  for  a  roadway. 

2. — The  outlines  were  simplified  by  substituting  a  few  simple 
batters  for  the  many  changes  occurring  in  the  faces  of  the  theoreti- 
cal form. 

3. — In  the  final  calculations  the  dam  was  given  a  superelevation 
of  4  ft.  above  high  water,  and  the  thickness  of  the  profile,  for  a 
depth  of  40  ft.  from  the  top,  was  increased  slightly  to  make  it  more 
symmetrical,  and  to  provide  additional  strength  to  resist  the  shocks 
from  floating  bodies. 

4. — The  sharp  triangle  at  the  down-stream  toe  of  the  dam  was' 
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cut  off,  as  it  was  not  considered  to  have  sufficient  strength  to  dis- 
tribute the  pressure  of  the  masonry,  and  the  face  was  carried  up  in 
steps  for  a  certain  height.  This  reduced  the  width  of  the  base  from 
230  to  216  ft.,  and  increased  the  pressures  on  the  masonry  at  the 
down-stream  face  to  33  200  lb.  per  sq.  ft.  Fig.  5  shows  the  profile 
finally  adopted. 

Having  designed  the  profile  by  this  method,  the  next  question 
considered  was  whether  the  dam  should  be  straight  or  curved  in 
plan.  Good  examples  of  each  plan  of  construction  existed.  For  a 
curved  plan,  calculations  were  made  to  ascertain  whether  the  area 
of  the  profile  could  be  reduced  on  account  of  the  additional  strength 
that  might  be  due  to  arch  action.  That  such  action  might  take 
place  was  shown  by  the  fact  that  two  curved  dams — the  Zola  Dam, 
in  France,  and  the  Bear  Valley  Dam,  in  California — resisted  the 
water  pressure  successfully,  although  the  lines  of  pressure  for  reser- 
voir full  fell  outside  of  the  profiles  of  the  dams.  These  dams, 
therefore,  owed  their  stability  solely  to  arch  action,  as  they  were 
unable,  by  gravity,  to  resist  the  water  pressure.  In  both  these  cases 
the  dams  were  constructed  across  narrow  valleys. 

The  Zola  Dam  was  built  about  1843.  Its  height  is  119.76  ft. 
above  the  foundation,  and  its  width  is  only  41.82  ft.  at  the  base. 
Its  length  is  205  ft.  on  top,  and  it  is  curved  in  plan,  the  radius  at 
the  crest  of  the  dam  being  158  ft.  When  the  reservoir  is  full,  the 
line  of  pressure  falls  about  11.50  ft.  outside  of  the  base  of  the 
foundation. 

The  Bear  Valley  Dam  was  constinicted  in  1884  in  the  Ber- 
nardino Mountains,  in  California.  The  jirofile  adopted  was  so  thin 
that  the  line  of  pressure,  reservoir  full,  fell  almost  wholly  outside 
of  the  dam.  This  dam,  which  has  been  replaced  by  a  stronger  one 
built  below  the  first  site,  had  a  maximum  height  of  64  ft.  above  the 
foundation,  and  was  3.17  ft.  wide  on  top  and  20  ft.  wide  at  the  base. 
It  was  curved  VTp  stream  to  a  radius  of  335  ft. 

While  these  two  examples  proved  that  in  the  case  of  a  narrow 
valley  a  dam  might  resist  the  water  pressure  by  acting  as  a  hori- 
zontal arch,  calculations  showed  that  in  a  curved  dam  built  across  a 
wide  valley,  like  that  of  the  Croton  River,  arch  action  would  produce 
far  greater  strains  in  the  masonry  than  those  which  would  occur  in 
n  dam  designed  to  resist  the  water  pressure  by  weight  alone. 
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The  pressures  in  a  curved  dam  were  ascertained  by  supposing 
the  dam  to  be  divided  into  horizontal  courses,  each  of  them  forming 
a  ring  composed  of  a  number  of  voussoirs.  The  pressure  in  such  a 
ring,  which  is  exposed  in  a  horizontal  direction  only  to  the  water 
l)ressure  acting  normally  to  its  surface,  is  found  by  the  well-known 
formula  : 

T  =^  pr, 
in  which 

T  ^  the  uniform  thrust  in  a  circular  ring ; 

p  =  the  pressure  per  unit  of  length  of  the  ring ; 

r  ^  the  radius  of  the  ring's  outer  surface. 

This  formula  applies  to  a  circular  ring  of  masonry,  but,  evi- 
dently, it  may  be  imagined  that  part  of  the  ring  is  removed  and 
replaced  by  the  practically  rigid  sides  of  the  valley,  in  which  case 
the  formula  would  still  be  applicable. 

The  authorities  consulted  agreed  that  very  little  reliance  could 
be  placed  on  calculations  treating  a  dam  as  a  horizontal  arch,  and 
that  a  curved  plan  for  a  dam  should  only  be  adopted  for  a  narrow 
valley. 

Delocre  states  that  a  dam  will  cease  to  act  as  an  arch  when  the 
width  of  the  dam  equals  one-third  of  the  radius  of  the  curve,  or  is 
larger. 

Pelletreau  advises  that  the  arched  plan  should  not  be  adopted 
when  the  dam  is  more  than  131  ft.  in  height  and  length. 

Krantz  gives  the  limit  of  span  for  an  arched  dam  as  131  ft.,  with 
a  radius  of  not  more  than  65.6  ft. 

Rankine  says  that  "in  the  present  state  of  science,  the  calcula- 
tions of  stability,  treating  the  dam  as  a  horizontal  arch,  are  so  un- 
certain as  to  be  of  doubtful  utility."  He  recommends  that  a  dam 
be  always  built  sufficiently  strong  to  resist  the  thrust  of  the  water 
by  its  own  weight,  and  that  in  the  case  of  a  narrow  valley  the  plan 
be  curved  so  as  to  add  some  additional  stability  to  the  structure. 

In  their  reports  to  the  Aqueduct  Commissioners  on  the  design 
nnd  construction  of  high  masonry  dams,  dated  July  28th,  1887, 
both  Mr.  B.  S.  Church,  Chief  Engineer,  and  Mr.  A.  Fteley,  who  had 
resigned  as  Deputy  Chief  Engineer  and  was  Consulting  Engineer 
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at  the  time,  advised  that  the  plan  of  the  Quaker  Bridge  Dam  be 
made  straight,  for  the  following  reasons : 

1. — A  dam  of  the  length  of  the  proposed  Quaker  Bridge  Dam 

(1  350  ft.  at  the  crest)  would  be  exposed  to  excessive 

strains  if  it  acted  as  an  arch. 
2. — If  designed   to   resist   the   water  pressure  by  its   weight 

alone,  as  recommended  by  Rankine,  it  would  not  yield 

sufficiently  to  cause  arch  action. 
3; — If  no  arch  action  should  -occur,  the  curving  of  the  plan 

would  involve  a  waste  of  money,  as  it  would  increase 

the  volume  of  masonry. 

The  conclusions  arrived  at  by  Messrs.  Church  and  Fteley  were 
fully  concurred  in  by  the  engineers  of  the  Department  of  Public 
Works. 

The  next  important  feature  considered  was  the  superelevation 
to  be  given  the  dam  above  the  highest  assumed  flood  level  (Elevation 
206).  This  was  determined  from  the  data  of  existing  dams  and 
from  practical  considerations.  The  top  of  the  dam  was  placed  4  ft. 
above  the  flood  level,  and  the  top  of  the  stone  parapet  3  ft.  higher, 
which  was  considered  sufficient  to  prevent  the  highest  waves  that 
might  occur  from  breaking  over  the  top  of  the  dam. 

One  of  the  most  important  questions  to  be  decided  was  the 
length  of  the  overflow  weir.  At  the  Old  Croton  Dam,  which  is 
about  4|  miles  above  the  site  selected  for  the  Quaker  Bridge  Dam, 
the  maximum  flood  recorded  produced  a  flow  of  8  ft.  2  in.  deep 
over  the  overflow  weir,  the  length  of  which  is  251.4  ft.  The  water- 
shed above  the  dam  contains  338.82  sq.  miles.  It  was  decided  to 
make  the  overflow  weir  of  the  Quaker  Bridge  Dam  sufficiently  long 
to  be  able  to  discharge  in  24  hours  a  volume  of  water  represented 
by  a  uniform  thickness  of  6  in.  over  the  whole  water-shed,  which 
contains  about  361  sq.  miles.  The  length  of  overflow  corresponding 
to  these  conditions  was  calculated  to  be  about  1  300  ft.  In  view  of 
the  fact,  however,  that  the  dam  was  to  be  provided  with  blow-off 
gates,  and  that  one,  if  not  both,  of  the  Croton  Aqueducts  would  be 
drawing  water  from  the  reservoir,  it  was  decided  to  give  the  over- 
flow weir  a  length  of  1  000  ft. 
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In  reference  to  the  kind  of  masonry:  the  plans  contemplated 
the  use  of  uncoursed,  broken-range  rubble  masonry,  built  of  quarry 
stone  of  irregular  sizes,  laid  with  full  beds  and  joints.  Cut  stone 
was  only  to  be  used  for  ornamentation,  where  required. 

On  account  of  the  importance  of  the  proposed  Quaker  Bridge 
Dam,  and  the  opposition  to  its  construction,  the  Aqueduct  Com- 
missioners, on  March  Tth,  1888,  appointed  a  Board  of  Expert  En- 
gineers to  take  into  consideration  the  plans  prepared  by  the  en- 
gineers of  the  Commissioners  and  the  modifications  which  had  been 
or  might  be  suggested  by  others,  either  in  plan  or  in  cross-section, 
and  to  advise  the  Commissioners  fully  on  these  subjects.  Joseph 
P.  Davis,  M.  Am.  Soc.  C.  E.,  J.  J.  K.  Croes,  Past-President,  Am. 
Soc.  C.  E.,  and  Mr.  Hermann  Schussler,  were  appointed  on  this 
Board.  Mr.  Schussler  could  not  serve,  and  Mr.  William  F.  Shunk 
was  appointed  in  his  place.  After  a  thorough  investigation  of  the 
questions  submitted,  the  Board  of  Expert  Engineers,  on  October 
1st,  1888,  made  its  report  to  the  Aqueduct  Commissioners.  The 
forces  to  which  the  dam  might  be  exposed  were  classified  in  this  re- 
port, as  follows : 

1. — The  quiescent  and  ever-acting  forces,  such  as  the  weight 
of  the  masonry  and  the  pressure  produced  by  the  im- 
pounded water; 
2.— Forces  produced  by  the  expansion  of  ice  in  place,  or  by 

floating  masses ; 
3. — Forces   produced    by   waves   of   translation,    the    possible 
cause  of  such  waves  being  the  giving  way  of  a  dam 
above,  or  an  extensive  land  slide; 
4. — Earthquake  shocks. 

The  experts  assumed  the  following  data : 

Top  of  parapet  of  dam Elevation  214 

Highest   water   level "  202 

River-bed    "  35 

Bed-rock    "         —52 

Weight  of  water  per  cubic  foot 62.5     lb. 

Top    width    of    dam 20        ft. 

Weight  of  masonry  per  cubic  foot 146.25  " 

Ice  pressure  per  linear  foot 43  000         " 
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With  reference  to  the  jDressure  of  ice,  the  experts  stated: 

"In  our  search  for  information  upon  the  expansive  force  of  ice 
in  place,  caused  by  increase  of  temperature,  we  found  little  of 
value  recorded;  but  we  obtained  valuable,  though  somewhat  con- 
flicting, information  by  correspondence  and  personal  interviews, 
which  information,  supplemented  by  experimental  data,  concerning 
its  strength,  elasticity  and  rate  of  expansion  luider  a  rising  ther- 
mometer, has  led  i;s  to  the  opinion  that  the  dam  should  be  pro- 
portioned to  resist  a  thrust  at  the  highest  ice  line  of  about  43  000  lb. 
per  lin.  ft. 

"More  positive  information  was  available  regarding  the  force 
exerted  by  ice  flow.  Under  certain  unfavorable  conditions,  when  ice 
jams  form  in  a  quick  rimning  current,  it  appears  to  be  almost  irre- 
sistible by  direct  opposition.  But,  as  in  the  case  of  the  Quaker 
Bridge  Dam,  the  water  current,  when  there  is  one,  will  tend  to 
direct  the  flow  away  from  it,  and  direct  impact  can  be  produced 
only  by  sheets  of  ice  driven  by  the  wind,  we  have  concluded  that, 
if  the  dam  be  proportioned  to  resist  the  pressure  of  43  000  lb. 
per  lin.  ft.,  above  mentioned,  it  will  be  of  ample  strength  to  with- 
stand the  attack  of  floating  masses." 

To  secure  the  dam  from  injury  by  waves  of  translation,  its  upper 
portion,  where  the  effect  of  such  waves  would  be  greatest,  was 
designed  to  have  a  coefficient  of  at  least  2  against  overturning,  when 
the  level  of  the  water  might  be  at  the  top  of  the  parapet. 

Earthquake  shocks  may  vary  from  a  slight  tremor  to  an  im- 
measurable force.  The  experts  stated  that,  if  the  dam  be  propor- 
tioned to  resist  the  forces  already  mentioned,  it  would  have  ample 
stability  to  withstand  all  but  shocks  of  the  severest  nature. 

The  profile  designed  by  the  experts  was  made  to  comply  with 
the  following  conditions : 

1. — The  factor  of  safety  against  overturning  shall  be  at  all 

points  at  least  2 ; 
2. — The  ratio  of  the  weight  of  masonry  above  any  horizontal 
plane  or  point  to  the  maximum  force  tending  to  cause 
sliding  or  shearing  along  the  plane  shall   not  be   less 
than  3  to  2  ; 
3. — The  maximum  quiescent  stress  on  the  down-stream  end 
of  the  joints  at  the  river-bed  (Elevation  35)  shall  not 
exceed  20  000  lb.  per  sq.  ft. ; 
4. — Below  the  river-bed,  when    the  strength  of  the   masonry 
to  resist  crushing  is  aided  by  the  lateral  pressure  of 
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the  earth,  the  niaxiiimm  (luieseeut  stress  shall  not  ex- 
ceed 28  000  lb.  per  sq.  ft. 
0. — The  pressures  on  the  joints  may  be  somewhat  greater  at 
the  up-stream  face  than  at  the  down-stream  face,  as 
they  will  be  permanently  reduced  as  soon  as  the 
reservoir  beeins  to  till. 


...Bacl.-'200Ft. 


QUAKER  BRIDGE   DAM 

DESIGNED  BY 
BOARD  OF  EXPERTS 


Fig.  6. 


The  profile  designed  by  the  Board  of  Experts  to  comply  with  the 
conditions  given  above  and,  also,  the  profile  recommended  by  the 
engineers  of  the  Aqueduct  Commission,  are  shown  in  Fig.  6. 

The  former  profile  is  thicker  in  its  upper  part  than  the  latter. 
The  experts  thought  this  increase  in  thickness  necessary  to  give  the 
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dam  sufficient  strength  to  resist  the  shock  of  ice  and  excessive 
freshets. 

In  making  the  final  location  of  the  dam,  the  engineers  of  the 
Aqueduct  Commission  had  staked  out  the  axis  of  the  dam  on  two 
straight  lines,  respectively  326  and  1  077  ft.  long,  the  angle  between 
the  two  lines  being  about  45  degrees.  This  was  done,  in  accordance 
with  the  information  obtained  by  test  borings,  to  make  the  excava- 
tion for  the  foundation  as  small  as  possible.  The  experts  recom- 
mended that  the  plan  for  the  dam  be  curved  to  a  radius  of  about 
1 200  ft.,  although  this  would  have  involved  a  slight  increase  of 
about  10%  in  the  volume  of  masonry.  The  reasons  that  made  them 
decide  in  favor  of  a  curved  plan  in  preference  to  a  straight  location 
were: 

1. — The  curved  form  accommodates  itself  better  to  changes  of 
volume  due  to  changes  of  temperature. 

2. — "While  a  curved  plan  would  add  nothing  to  the  stability  of 
a  dam  having  a  "gravity  section,"  as  long  as  the  dam  stood,  it  might 
be  of  great  advantage  in  case  the  masonry  should  yield. 

3. — In  a  structure  of  the  magnitude  and  importance  of  the 
Quaker  Bridge  Dam,  the  question  of  producing  a  pleasing  archi- 
tectural effect  is  only  second  to  that  of  structural  stability.  Such 
an  effect  can  be  obtained  better  by  a  plan  curved  regularly  in  a 
long  radius  than  by  a  plan  composed  of  straight  lines  with  sharp 
angular  deflections. 

In  this  paper  the  writer  has  given  the  conclusions  of  the  en- 
gineers of  the  Aqueduct  Commission,  and  also  those  of  the  Board 
of  Experts,  to  show  how  eminent  engineers  may  differ  in  their  views 
in  designing  an  important  structure.  The  plans  recommended  by 
the  experts  were  not  adopted  by  the  Aqueduct  Commissioners,  but 
the  drawings  for  the  New  Croton  Dam  were  based  upon  those  pre- 
pared for  the  Quaker  Bridge  Dam  by  the  Commissioners'  en- 
gineers. 

Discussion  of  the  Plans  Adopted. — Considering  the  protracted 
studies  made  in  designing  the  profile  for  the  Quaker  Bridge  Dam, 
one  would  expect  to  find  the  profile  finally  adopted  about  as  perfect 
as  was  possible  with  the  knowledge  available  at  the  time.  Such, 
however,  does  not  seem  to  the  writer  to  be  the  case,  for  reasons 
which  he  will  give.     The  profile  was  based  on  the  conditions  pro- 
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posed  by  Rankine,  but,  on  account  of  the  unprecedented  height  of 
the  dam,  greater  limits  of  safe  pressure  had  to  be  assumed  in  the 
lower  parts  of  the  structure  than  had  been  recommended  by  Ran- 
kine. One  of  the  points  in  which  Rankine  had  improved  on  the 
methods  adopted  by  the  French  engineers  was  in  assuming  a 
lower  limit  of  pressure  at  the  down-stream  than  at  the  up-stream 
face  of  the  dam,  the  limits  adopted  by  him  for  a  dam  180  ft. 
high  being,  respectively,  15  625  and  20  000  lb.  per  sq.  ft.  In  de- 
signing the  profile  for  the  Quaker  Bridge  Dam,  the  maximum 
pressures  assumed  in  the  calculations  were,  according  to  Mr. 
Fteley,  Consulting  Engineer  at  the  time  and  later  Chief  Engineer 
of  the  Aqueduct  Commission,*  for  a  depth  of  water  of  110  ft. 
or  less,  16  400  lb.  per  sq.  ft.  at  the  down-stream  face  and  20  625 
lb.  per  sq.  ft.  at  the  up-stream  face.  From  a  depth  of  water  of 
110  ft.  to  the  base  of  the  dam  the  maximum  pressures  in  the  ma- 
sonry were  allowed  to  increase  gradually  until  they  reached  a 
maximum  of  30  000  lb.  per  sq.  ft.  at  both  faces  at  the  base  of  the 
dam.  The  pressure  at  the  ends  of  the  different  assumed  hori- 
zontal joints  of  the  theoretical  profile,  as  given  by  Mr.  Fteley,t 
are  shown  in  Table  2. 


TABLE  2. — Theoretical  Profile  for  Quaker  Bridge  Dam. 


Pressures  at  ends  of  joints,  in  pounds 

Elevation  of  joint. 

Depth  of  water 

PER  square  foot. 

Croton  datum. 

at  joint,  in 
feet. 

Feet. 

Down  stream. 

Up  stream. 

171.3 

34.7 

13  031 

6  516 

156. 

50. 

14  156 

11328 

136. 

70. 

15  234 

15  234 

116. 

90. 

15  984 

15  984 

36. 

110. 

16  391 

17  453 

76. 

130. 

16  384 

18  462 

56. 

150. 

17  078 

19  930 

35. 

171. 

18  219 

21  822 

15. 

191. 

20  084 

23  641 

—5. 

211. 

22  680 

25  466 

-25. 

231. 

25  691 

27  313 

-52. 

258. 

30  000 

30  000 

The  profile  to  which  Table  2  applies  seems  to  be  somewhat  in- 
consistent, for  the  following  reasons : 

1. — Greater  pressures  are  allowed  at  the  up-stream  than  at  the 


*  Report  to  the  Chief  Engineer,  July  25th,  1887. 
t  Table  II  of  Mr.  Fteley's  Report. 
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down-stream  face,  iiiitil  the  base  of  the  dam  is  reached,  where 
the  pressures  are  made  the  same  at  both  faces.  Why  should  not 
a  difference  in  pressure  be  made  at  the  base,  as  in  the  upper  parts 
of  the  dam  ? 

2. — The  pressures  at  the  down-stream  and  up-stream  faces,  re- 
spectively, were  limited  to  16  400  and  20  625  lb.  per  sq.  ft.,  to  a 
depth  of  110  ft.  of  water,  which  was  assumed  arbitrarily.  Below 
this  depth,  the  pressures  were  allowed  to  increase  gradually.  What 
object  was  accomplished  in  limiting  the  pressures  as  described 
above  to  a  depth  of  110  ft.  when,  below  that  depth,  they  were  al- 
lowed to  increase?  Would  it  not  have  been  more  logical  to  have 
designed  the  upper  part  of  the  profile  solely  with  a  view  of  con- 
fining the  lines  of  pressures,  reservoir  full  or  empty,  to  the  center- 
third  of  the  profile,  and  to  have  allowed  the  pressures  to  increase 
gradually  until  some  assumed  limits  of  maximum  pressures  for  the 
down-stream  and  the  up-stream  faces  of  the  dam  were  reached, 
below  which  point  the  profile  shoidd  have  been  designed  so  as  to 
keep  the  pressures  at  the  ends  of  the  joints  exactly  at  the  pre- 
scribed limits  ? 

The  theoretical  profile  disciissed  above  was  slightly  modified 
to  meet  some  practical  requirements,  as  already  explained.  The 
modifications  changed  the  distribution  of  pressures  in  the  masonry 
somewhat;  these  are  given  in  Table  3*  for  the  final  profile. 


TABLE  3. — Profile  Adopted  for  Quaker  Bridge  Dam. 


Pressures  at  ends  of  joints,  in  pounds 

Elevation  of  joint. 

Depth  of  water 

PER  SQUARE  FOOT. 

Croton  datum. 

at  .ioint,  in 
feet. 

Feet. 

• 

Down  stream. 

Up  stream. 

173 

.S3 

8  588 

6  578 

151 

55 

12  435 

11  973 

189 

77 

14  716 

14  960 

107 

99 

15  891 

16  797 

85 

121 

]6.i44 

18  291 

63 

143 

16  966 

19  688 

41 

165 

17  997 

21  578 

19 

187 

19  672 

23  609 

-3 

209 

22  406 

25  563 

—25 

231 

26  156 

27  609 

-52 

258 

33  266 

30  828 

*  Table  III  of  Mr.  Fteley's  report. 
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Fig.  7. 
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According  to  Table  3,  the  distribution  of  pressure  is  worse 
in  the  modified  than  in  the  theoretical  profile,  the  pressure  at  the 
base,  in  the  former,  being  greater  at  the  down-stream  than  at  the 
up-stream  face.  This  is  principally  due  to  the  fact  that  part  of 
the  toe  of  the  dam  at  the  down-stream  face  was  cut  off  and  re- 
placed by  steps.  The  writer  does  not  think  it  was  necessary  to 
make  this  change.  The  pressure  to  be  distributed  at  the  face  is 
not  vertical,  but,  according  to  Eankine,  parallel  with  the  face; 
the  batter  immediately  above  the  steps  is  the  same  as  at  the  toe 
of  the  theoretical  profile,  and  there  appears  to  be  no  good  reason 
why  the  face  should  be  broken  into  steps  at  the  down-stream  toe, 
while   remaining   battered   immediately   above   the    steps. 

The  contract  plans  for  the  New  Croton  Dam  were  not  made 
until  about  five  years  after  the  studies  for  the  Quaker  Bridge  Dam 
Lad  been  concluded.  No  further  calculations  were  made.  Mr. 
Fteley,  who  had  become  Chief  Engineer  of  the  Aqueduct  Commis- 
sion, based  the  profile  upon  the  design  he  had  prepared  for  the 
Quaker  Bridge  Dam,  the  only  difPerence  being  that  the  down- 
stream face  of  the  profile  for  the  latter  was  rounded  off  in  its 
upper  part  by  the  introduction  of  more  changes  of  batter,  the 
area  of  the  profile  being  also  slightly  increased.  The  profile  of 
the  New  Croton  Dam  given  in  the  contract  drawings  (Fig.  Y)  has 
polygonal  outlines,  which,  in  the  upper  part  of  the  down-stream 
face,  approach  closely  to  a  curve.  In  constructing  the  dam,  the 
Division  Engineer  in  charge  fitted  curves  to  the  angular  line  in- 
tended for  the  down-stream  face.  Three  circular  curves  separated 
l)y  two  short  tangents  of  22  and  26  in.  were  used.  It  would  cer- 
tainly have  been  better  if,  in  preparing  the  contract  drawing,  the 
profile  had  been  slightly  changed  by  adopting  a  compound  curve 
for  the  upper  part  of  the  down-stream  face. 

The  up-stream  face  of  the  dam  was  built  vertical  from  Eleva- 
tion 140  to  the  top  of  the  dam  (Elevation  210).  Below  Elevation 
140  the  face  was  battered.  A  profile  could  easily  have  been  de- 
signed with  the  up-stream  face  vertical  from  the  top  of  the  dam 
"to  the  refilling  (Elevation  YO),  and  would  have  been  more  easily 
followed  in  construction.  The  water  pressure  against  a  dam  is 
represented  graphically  by  a  triangle,  and  the  theoretical  profile 
kof  minimum  area  to  resist  the  water  pressure  is  also  a  triangle  until 
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the  pressures  in  the  masonry  reach  the  given  limits  (Fig.  8).  The 
nearer  the  practical  profile  approaches  a  triangle,  the  greater  the 
economy  will  be. 

To  resist  the  action  of  waves,  and  shocks  from  floating  bodies, 
a  dam  must  have  a  certain  thickness  at  the  top,  which  may  have 
to  be  increased  if  it  is  to  have  a  roadway.  The  effect  of  this 
increased  width  is  to  augment  the  dam's  strength  to  resist  over- 
turning or  sliding;  it  adds  only  a  trifling  amount  to  the  pressures 
in  the  masonry.  If  the  thickness  added  at  the  top  of  a  dam  be 
taken  into  account  in  the  calculations,  the  most  economical  profile 
type  is  that  shown  by  Fig.  9,  but  as  the  area  of  this  profile,  down 
to  a  depth  of  150  ft.,  is  only  about  5%  more  than  that  of  the  simple 
triangular  profile  type  shown  in  Fig.  8,  the  writer  thinks  the  latter 
is  to  be  preferred  on  account  of  its  simplicity.  Such  a  profile, 
if  continued  to  a  depth  of  200  ft.,  would  produce  a  maximum 
pressure  of  30  320  lb.  per  sq.  ft.,  if  the  masonry  has  a  specific  grav- 
ity of  2h. 

As  regards  the  location  of  the  New  Croton  Dam,  it  is  greatly 
to  be  regretted  that  the  site  was  changed  from  Quaker  Bridge, 
I5  miles  up  stream,  to  that  known  as  Cornell's.  At  the  former 
site  the  dam  would  have  been  founded  entirely  on  gneiss;  the  over- 
flow would  have  taken  place  through  a  lateral  valley;  about  1^  sq. 
miles  would  have  been  added  to  the  water-shed,  and  the  storage 
capacity  of  the  reservoir  would  have  been  increased. 

At  the  Cornell  site  the  waste  water  could  not  be  discharged 
through  a  lateral  valley  without  considerable  expense,  and  there- 
fore Mr.  Fteley  designed  the  waste  weir  to  adjoin  the  main  dam. 
In  order  to  keep  the  waste  channel  in  rock,  which  was  only  to  be 
found  near  the  surface  at  the  north  side  of  the  valley,  and  to  obtain 
also  the  desired  length  for  the  waste  weir  (i.  e.,  1000  ft.),  the 
weir  was  located  almost  at  right  angles  to  the  main  dam,  along 
the  north  hillside,  and  joined  by  curves  with  the  hillside  and  with 
the  main  dam.  This  location,  while  it  provided  an  excellent 
waste  weir  and  channel,  involved  considerable  expense.  In  con- 
structing the  weir  and  channel,  about  120  000  cu.  yd.  of  earth, 
and  about  240  000  cu.  yd.  of  rock  were  excavated,  and  about  90  650 
cu.  yd.  of  masonry  were  laid. 
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The  writer  has  given  herein  some  criticisms  of  the  profile  of  the 
New  Croton  Dam,  considered  as  an  engineering  design.  In  doing  so, 
however,  he  does  not  mean  to  imply  that  the  dam  is  not  sufficiently 
strong  to  resist  the  pressures  to  which  it  is  exposed.  The  reservoir 
has  been  filled  to  Elevation  182  (14  ft.  below  the  top  of  the  depressed 
spillway),  and  the  dam  has  been  found  to  be  satisfactory  in  every 
respect. 


Vol.  XXXIII.  JANUARY,  1907.  No.  1. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


UNIFORMITY  OF  REQUIREMENT 

AND.  CLEARNESS    OF    SPECIFICATION    IN 

AGREEMENTS  FOR  THE  GRADUATION 

OF  RAILROADS. 

By  W.  F.  Dennis,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  March  6th,  1907. 


The  construction  and  betterment  of  the  subgrade  of  railroads 
is  a  large  business,  affecting  the  expenditure  of  hundreds  of  mil- 
lions of  capital  and  calling  for  the  services  of  thousands  of  engi- 
neers and  contractors. 

A  somewhat  extended  experience  in  this  class  of  construction, 
partly  as  engineer  and  partly  as  contractor,  has  impressed  upon  the 
writer  matters  which,  in  his  opinion,  are  worthy  of  consideration  in 
the  preparation  of  agreements  for  such  work.  The  magnitude  of  the 
business,  the  large  number  of  individuals  interested,  and  the  benefit 
to  their  business  relations  which  would  result  from  any  advance 
toward  uniformity  of  requirement,  increased  clearness  of  specifica- 
tion, and  reduction  of  friction  in  carrying  agreements  into  effect, 
are  the  reasons  for  presenting  this  paper,  in  which  some  of  the 
matters  covered  in  contracts  for  graduation  will  be  considered. 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  Is  Invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
5na]ly  closed,  the  papers,  with  discussion  in  full,  will  be  published  In  Transactions. 
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Classification. 

Nearly  all  railroads  find  it  useful  to  retain  classifications  in  their 
forms  of  agreement.  Such  classifications  give  a  solid  rock  material 
at  one  end,  and  an  earthy  material  at  the  other,  with,  generally,  an 
intermediate  material  called  loose  rock,  and  frequently  an  addi- 
tional hardpan  classification,  formerly  more  common  than  now. 

Classifications  grew  out  of  a  recognition  that  different  materials 
varied  in  cost  of  removal.  Each  classification  was  an  attempt  at 
segregating  material  into  groups  of  approximately  similar  cost.  The 
theory  was  that,  "not  being  able  to  see  under  the  ground,"  if  the 
contractor,  in  making  a  proposal  for  certain  work,  had  to  guess  at 
his  unit  costs  for  each  material,  and,  in  addition,  had  to  approximate 
the  relative  quantity  of  each,  he  would  have  to  provide  against  a 
double  hazard.  Having  a  classification,  he  could  guess  with  some 
accuracy,  from  his  experience,  the  cost  of  the  different  materials 
under  the  given  conditions,  and  eliminate  the  hazard  of  their  pro- 
portion. 

Where  the  experience  of  the  subordinates,  who  do  the  actual 
classifying,  of  the  management,  and  of  the  contractors,  is  fairly 
well  established  for  a  particular  section,  the  theory  works  out  well, 
with  very  little  friction,  and,  in  the  writer's  opinion,  with  cheaper 
final  results  to  the  xailroad  and  more  satisfactory  results  to  the  con- 
tractor— cheaper  and  more  satisfactory  because  of  the  elimination 
of  part  of  the  risk. 

Twenty-five  years  ago  an  unclassified  price  was  exceptional;  to- 
day much  the  larger  volume  of  excavation  is  paid  for  unclassified. 
If  any  tendency  can  be  discerned,  it  is  strongly  in  the  direction  of 
letting  all  excavation  unclassified ;  or  of  limiting  it  to  one  classifica- 
tion for  rock,  and  another  for  all  other  materials. 

On  the  part  of  the  railroads  there  is  the  argument  that  classi- 
fication is  prolific  of  lawsuits,  and  there  is  an  unfounded  belief  that 
an  unclassified  price  prevents  them.  Besides  this,  and  outside  of  all 
other  considerations,  the  growth  of  business  brought  about  by  con- 
solidations and  extensions  leaves  scant  time  for  investigation,  and 
it  is  increasingly  difiicult  in  practice  for  the  Chief  Engineer  really 
to  go  into  or  review  any  classification. 

There  is  also  a  process  of  extension  of  operations  and  centraliza- 
tion in  management  in  the  contractor's  business.     On  different  roads 
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lie  observes  classifieations  which  ai'e  not  exact,  even  by  definition, 
lai'giely  modified  by  custom,  and  finds  that  custom  varying  vpith  in- 
dividual engineers  in  charge,  and,  from  time  to  time,  even  upon  the 
same  railroad.  However  exact  the  contractor's  estimate  may  be,  on 
what  he  considers  a  proper  classification,  he  is  practically  at  sea  as 
to  what  is  to  be  paid.  Should  he  bid  upon  an  anticipated  favorable 
classification,  it  might  be  changed  during  the  progress  of  the  work; 
if  ho  assumes  the  unfavorable,  possibly  he  may  lose  the  work.  In 
addition,  he  thinks  that  he  has  clearly  detected  instances  where 
classification  was  influenced  downward  by  financial  considerations, 
pressure  from  the  manag'ement,  preliminary  estimates  being  ex- 
ceeded, and  so  on. 

As  a  result  of  these  uncertainties,  the  writer  believes  that  most 
of  the  responsible  contractors  of  to-day,  in  weighing  the  two  hazards 
— their  own  both  as  to  proportion  and  cost  of  materials,  or  the  other 
as  to  what  kind  of  classification  they  will  get  from  the  engineer — 
generally  prefer  to  take  their  own  risk  upon  an  unclassified  price. 
In  making  an  unclassified  price,  either  from  necessity  or  choice,  the 
contractor  not  uncommonly  finds  difficulty  in  g'etting  bidding  in- 
formation which  is  sufiiciently  clear  as  to  quantities  and  disposi- 
tion of  material.  Some  engineers  present  a  profile,  but  refuse  to 
give  quantities  in  detail,  being  afraid  that  claims  may  be  made  if 
there  be  any  change.  Contractors,  to  keep  their  business  going,  are 
compelled  to  bid  in  the  form  in  which  the  engineers,  their  customers, 
require.  Under  such  circumstances  they  make  the  best  approxima- 
tion possible;  but  when  full  information  is  not  available  there  is 
less  competition,  and  the  work  goes,  not  to  the  best-informed  or 
best-equipped  competitor,  but  to  the  most  optimistic.  It  is  econom- 
ically wrong  to  let  the  work  too  high  or  too  low,  and  the  engineer  is 
inexcusable  who  does  not  secure  and  present  clearly  every  piece  of 
information  that  will  eliminate  the  risk  of  the  work  as  much  as 
possible. 

In  spite  of  the  apparent  satisfaction  of  both  sides  with  the  un- 
classified price,  the  writer  believes  that  it  is  not  right  in  principle, 
and  that  paying  by  a  proper  classification  is,  in  the  long  run,  the 
most  equitable  and  reasonable  method. 

It  is  worth  while  to  find  out  if  there  may  not  be  some  position 
that  will  shape  the  theory  into  a  more  workable  practice.     The  in- 
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quiry  can  cover  only  two  points:  is  the  average  classification  suffi- 
ciently explicit;  and,  if  not,  can  it  be  made  more  so? 

As  before  stated,  the  basis  and  aim  of  classification  are  to  asso- 
ciate in  one  group  classes  of  material  for  which  the  cost  of  handling 
is  supposed  to  be  approximately  the  same.  The  class,  location  and 
magnitude  of  the  work,  and  the  kind  of  equipment  which  is  best 
adapted  to  it,  have  a  very  important  bearing  upon  the  cost,  even  of 
the  same  material.  The  association  of  one  material  with  another 
on  the  basis  of  similar  cost,  therefore,  might  be  proper  in  one  case 
and  not  in  another.  Confusion  from  this  influence,  and  attempts  at 
designating  material  by  names  and  qualities  at  the  same  time,  cause 
uncertainty  in  existing  classifications.  For  work  suitable  only  to 
scrapers,  it  is  inconsistent  to  embrace,  in  the  same  classification, 
earth,  sand,  gumbo  and  cemented  gravel  as  apparently  equivalent. 
If  it  is  assumed  that  the  work  is  to  be  done  by  steam  shovel,  many  of 
the  items  of  loose-rock  cost  for  hand  work  will  approximate  the  cost 
of  an  equal  quantity  of  earth. 

The  company  agrees  to  pay  definite  prices  for  definite  services  in 
a  definite  time.  The  contractor  thereupon  proceeds  to  perform  the 
service,  providing  such  appliances  as  his  judgment,  particular  plant, 
or  financial  ability,  will  justify.  If  he  knows  exactly  how  he  is  to 
be  paid,  from  a  well-understood  classification,  or  similarly  with  an 
agreed  unclassified  price,  he  can  then  make  his  calculations  as  to 
heavy-plant  expense  and  lower  working  cost,  or  the  reverse,  and 
longer  or  shorter  time.  It  would  be  in  the  highest  degree  incon- 
sistent if  large  plant  investment  should  cut  down  the  classification; 
yet  one  specification,  the  writer  remembers,  classified  a  material  as 
loose  rock  if  moved  by  hand,  and  as  earth  if  moved  by  steam  shovels. 
If  a  classification  is  desirable  in  itself,  this  principle  seems  to  be 
clearly  wrong.  The  classification  of  a  given  material  should  be 
rigid,  for  removal  by  any  appliance,  and  irrespective  of  quantities 
or  location.  If  special  appliances  can  reduce  cost,  competition  will 
make  the  reduction  appear  in  the  price  for  the  classification.  From 
every  point  of  view,  the  classification  should  be  made,  not  by  names 
and  descriptions  of  material,  but  by  some  definite  physical  char- 
acteristic susceptible  of  uniform  test. 

Is  it  practicable  to  make  a  test  upon  the  materials  generally 
found  in  excavation  for  public  work?    As  a  first  criterion,  a  simple. 
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measurable  test,  easily  applicable,  and  defining  what  should  be 
properly  in  the  "earth"  classification,  is  whether  or  not  the  material 
can  be  plowed  in  its  natural  state  by  a  definite  plow  pulled  by  a 
definite  number  and  weight  of  stock.  Whether  this  material  is 
moved  by  scraper,  grader,  cart,  car,  wheel-barrow,  or  steam  shovel, 
what  is  meant  is  clearly  described,  namely  a  material  which  a  desig- 
nated plow  will  produce  in  shoveling  condition.  This  description 
excludes  from  the  earth  classification  some  material  included  in 
some  earth  specifications,  and  includes  some  material  which,  in 
others,  is  classed  as  loose  rock  or  as  hardpan.  As  will  be  seen  later, 
earthy  material,  not  included  in  the  "earth"  classification,  goes  to 
an  intermediate  classification,  for  convenience  and  other  considera- 
tions, termed  "loose  rock." 

The  reason  for  placing  the  earthy  material,  sometimes  included 
in  earth  and  hardpan  classifications,  in  the  loose-rock  classification, 
is  the  obvious  one  of  similarity  of  cost.  If  the  material  is  too  wet  to 
be  plowed,  as  in  case  of  swamp  muck,  quicksands  and  some  gumbos; 
or  is  too  hard  to  be  plowed,  like  hardpan,  cemented  gravel,  etc., 
holding  to  the  proper  theory  of  grouping  by  rough  similarity  in  cost, 
no  designation  by  name  can  properly  make  it  "earth,"  in  a  cost 
sense,  for  all  appliances,  although  it  might  be  for  some.  Additional 
costly  work  may  be  required  to  get  the  material  loaded  or  trans- 
ported. In  some  cases  the  cost  of  unplowable  earthy  material  may 
approximate  and  exceed  that  of  solid  rock;  but,  speaking  generally, 
the  cost  is  somewhat  similar  to  the  cost  of  loose  rock,  and  such 
material  is  most  fairly  included  in  that  classification. 

Preliminary  to  the  consideration  of  a  physical  test  for  solid  and 
loose  rock,  the  following  definitions  have  been  abstracted  from  cur- 
rent specifications : 

Solid  Eock. 

New  York,  New  Haven  and  Hartford. — "All  rock  or  stone  contain- 
ing one  cubic  yard  or  more."     (All  other  material  is  earth.) 

Erie. — "Rock  in  masses  exceeding  one  cubic  yard,  which  cannot  be 
removed  without  blasting." 

Pennsylvania. — "Rock  in  masses  exceeding  one  cubic  yard,  which 
cannot  be  removed  without  blasting." 

Baltimore  and  Ohio. — "Rock  in  solid  beds  or  masses,  which  may  be 
best  removed  by  blasting." 
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Chesapeake  and  Ohio. — ''Rock  in  ledges  and  detached  masses  ex- 
ceeding- one-half  cubic  yard,  which  may  best  be  removed  by 
blasting." 

Norfolk  and  Western. — ''Rock  in  masses  which  may  best  be  re- 
moved by  blasting." 

Southern. — "Rock  in  masses  of  more  than  one  cubic  yard,  which 
may  be  best  removed  by  blasting." 

^'Big  Four." — "Stone  in  solid  masses  or  ledges." 

Chicago,  Burlington  and  Quincy. — "Stratified  rock  weighing  more 
than  140  lbs.  per  cubic  foot,  which  can  only  be  removed  by 
blasting." 

Chicago  and  Alton. — "All  stratified  rock  and  rock  occurring  in 
masses  which  can  only  be  removed  by  blasting  *  *  * 
must  ring  under  hammer." 

Great  Northern. — "Rock  in  place,  in  removing  which,  it  is  neces- 
sary to  resort  to  drilling  and  blasting." 

Atchison,  Topeka  and  Santa  Ye. — "Rock  in  solid  beds  or  masses  in 
its  original  or  stratified  position  *  *  -^^  other  material 
which  can  be  removed  without  continuous  drilling  and  blast- 
ing, but  which  is  as  difficult  *  *  *  as  solid  lime  or  sand- 
stone." 

Illinois  Central. — "Rock  in  solid  beds  or  masses  in  its  original  posi- 
tion *  *  *  which  may  best  be  removed  by  blasting." 
(Everything  else  classed  as  "common  excavation.") 

Northern  Pacific. — "All  rock  in  masses  that  cannot  be  removed 
without  drilling  and  blasting." 

Missouri  Pacific. — "Rock  in  solid  beds  or  masses,  in  its  original 
position,  which  can  only  be  removed  by  continuous  blasting." 

What  is  "rock"  and  "stone"?  Notice  the  following  definitions: 
Standard  Dictionary. — BocJc. — "The  consolidated  material  form- 
ing the  crust  of  the  earth  *  *  *  not  excluding  beds  of 
clay  or  sand  *  *  *  a  rock  may  consist  of  one  mineral 
species,  as  limestone,  or  of  several  intermingled,  as  granite 
*  *  "  massive  rock,  a  rock  that  does  not  exhibit  foliation 
or  schistose  structure." 

Stone. — "A  small  piece  of  rock.  Rock  as  a  material,  a 
piece  of  rock  shaped  for  a  specific  purpose.  Synonyms, 
boulders,  cobble,  mineral,  gem,  pebble." 
Century  Dictionary. — Rode. — "The  mass  of  mineral  matter  of 
which  the  earth,  so  far  as  accessible  to  observation,  is  made 
up ;  a  mass,  fragment  or  piece  of  the  crust,  if  too  large  to  be 
designated  as  a  stone.  The  unconsolidated  stony  materials 
which  form  a  considerable  part  of  the  superficial  crust,  such 
as  sand,  gravel  and  clay,  are  not  commonly  designated  as 
rock  or  rocks;  the  geologist  *  *  *  includes  under  the 
term  rock     *     '•'     ^     all  of  the  consolidated  materials  form- 
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ing   the   crust,   as   well   as   the   frag-mental   or   detrital   beds 
which  have  been  derived  from  it.'' 

Stone. — "A  piece  of  rock.  The  name  rock  is  given  to  the 
aggregation  of  mineral  matter  of  which  the  earth's  crust  is 
made  up.  A  small  piece  or  fragment  of  this  rock  is  gen- 
erally called  a  stone." 
Webster's  Dictionary.— i^ocZ;. — "Any  natural  deposit  forming  part 
of  the  earth's  crust,  whether  consolidated  or  not." 

Stone. — "Concreted,  earthy  or  mineral  matter  "'•'  ^''  * 
also  any  particular  mass  of  such  matter.  In  popular  lan- 
guage, very  large  masses  of  stone  are  called  rocks ;  small 
masses  are  called  stones;  and  finer  kinds,  gravel  or  sand." 
Gillette's  "Rock  Excavation." — "Rocks  are  aggregates  of  one  or 
more  minerals,  or  the  disintegrated  products  of  minerals." 

These  definitions  do  not  help  to  clear  up  any  uncertainties  there 

may  be  in  railroad  classifications. 

Loose  Rock. 

Erie. — "Slate,  shale  or  other  rock  which  can  properly  be  removed 
by  steam  shovel,  pick  or  bar,  without  blasting,  although  blast- 
ing may  be  resorted  to  on  favorable  occasions  to  facilitate 
the  work     *     *     *     detached  masses,  3  cu.  ft.  to  1  cu.  yd." 

Pennsylvania.^ — "Stone  and  detached  rock  lying  in  separate  and 
continiious  masses  containing  not  over  one  cubic  yard;  also 
all  slate  or  other  rock  that  can  be  quarried  without  blasting, 
although  blasting  may  be  occasionally  resorted  to." 

Baltimore  and  Ohio. — "Slate,  coal,  shale,  soft  friable  sandstone  and 
soapstone,  detached  masses  3  cu.  ft.  to  1  cu.  yd." 

Chesapeake  and  Ohio. — "Shale,  slate,  ochre,  which  can  be  removed 
with  pick  and  bar,  and  is  soft  and  loose  enough  to  be  re- 
moved without  blasting,  although  blasting  may  be  occasional- 
ly resorted  to.    Detached  masses  3  cu.  ft.  to  1  cu.  yd." 

Norfolk  and  Western. — "Shale,  soapstone,  and  other  rock  which  can 
be  removed  by  pick  and  bar,  and  is  soft  and  loose  enough  to 
be  removed  without  blasting,  although  blasting  may  be  oc- 
casionally resorted  to.   Detached  masses  1  cu.  ft.  to  1  cu.  yd." 

Southern. — "Soapstone,  shale  and  other  rock  which  can  be  re- 
moved by  pick  and  bar  and  is  soft  and  loose  enough  to  be 
removed  without  blasting,  although  blasting  may  be  oc- 
casionally resorted  to.     Detached  stone  1  cu.  ft.  to  1  cu.  yd." 

"Big  Eour." — "Shale,  coal,  slate,  soft  sandstone,  soapstone,  con- 
glomerate stratified  limestone  in  layers  less  than  6  in. — de- 
tached masses  3  cu.  ft.  to  1  cu.  yd." 

Chicago,  Burlington  and  Quincy. — "Stratified  rock  which  can  be 
removed  by  pick  and  bar  weighing  more  than  140  lbs.  per  cu.. 
ft.    Detached  masses  3  cu.  ft.  to  1  cu.  yd." 
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Chicago  and  Alton. — "Stratified  rock  which  can  be  removed  by- 
pick  and  bar  *  *  *  and  masses  between  3  cu.  ft.  and 
1  cu.  yd." 

Great  Northern. — "Slate  and  other  rock,  and  loose  enough  to  be 
removed  without  blasting,  although  blasting  may  be  oc- 
casionally resorted  to — detached  masses  3  cu.  ft.  to  1  cu.  yd." 

Atchison,  Topeka  and  Santa  Fe.- — "Hard  shale  or  soapstone 
*  *  *  in  original  or  stratified  position,  boulders  in  gravel, 
cemented  gravel,  hardpan  *  *  *  and  other  material 
requiring  *  *  *  use  of  pick  and  bar  or  which  cannot  be 
plowed  with  10-in.  plow  and  6-horse  team." 

Illinois  Central. — (No  loose  rock.  Everything  but  solid  rock 
classed  as  common  excavation.) 

Northern  Pacific. — "Slate,  soft  sandstones,  or  other  rock  than  can 
|3Q  *  *  *  removed  without  blasting  ■»  *  *  detached 
rock  between  1  cu.  ft.  and  1  cu.  yd." 

Missouri  Pacific. — "All  rock  *  *  *  which  requires  for  its  re- 
moval steam  shovel  or  pick  and  bar,  without  blasting,  al- 
though blasting  may  be  resorted  to  at  the  option  of  the  con- 
tractor.   Detached  masses  1  to  18  cu.  ft." 

A  composite  view  of  the  several  descriptions  of  rock  and  loose 
rock  would  reduce  to  about  this :  Rocky  material  which  can  be  re- 
moved without  blasting  is  loose  rock;  and  that  which  cannot  is 
solid  rock.  That  word,  "can,"  is  the  whole  of  the  question,  the  un- 
certainty of  the  answer  to  which  causes  most  of  the  disputes  about 
classification.  The  word  "can,"  is  complicated  by  the  fact  that  it 
is  nearly  always  cheaper  to  blast  so-called  loose  rock  than  pick  or  bar 
it  apart,  and,  further,  undeniably  solid  rock  can  be  disintegrated  by 
slow  degrees  without  blasting.  The  word  "can,"  then,  for  reasonable 
interpretation,  depends  upon  some  rate  of  removal.  A  solid  mass  of 
rock  might  be  seamy  to  the  extent  of  permitting  wedging  or  barring- 
out  1  or  2  cu.  yd.  per  day,  but  that  possibility  does  not  make  it  loose 
rock.  On  the  other  hand,  a  certain  material  might  be  dug  slowly 
by  a  steam  shovel  without  blasting.  If  it  could  be  loaded  faster, 
as  a  result  of  blasting,  it  would  be  taken  out  customarily  by  blast- 
ing, but,  under  the  specification,  that  fact  would  not  necessarily 
make  the  material  solid  rock.  On  the  other  hand,  the  same  material, 
under  nearly  all  specifications,  might  be  solid  rock  by  reason  of  the 
impracticability  of  removing  it  with  pick  or  bar  with  reasonable 
rapidity. 

Taking  a   general  view,   the  difference  between  materials   in   a 
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construction  sense  is  obtained  by  the  writer  from  consideration  of 
the  operations  necessary  in  loading  such  material  on  their  trans- 
porting appliances.  Earth  is  a  material  which  can  be  reduced  to 
loading  condition  by  plowing,  or  equivalent  inexpensive  picking  or 
blasting.  Loose  rock  is  a  material  which  generally  can  be  put  into 
handling  shape  by  picking,  barring  and  light  sledging,  or,  in  lieu 
thereof,  by  moderate  blasting,  but  it  is  not  quite  as  easy  to  load  as 
earth.  Solid  rock  is  a  more  refractory  material,  requiring  drilling, 
strong  explosives,  and  general  sledging,  and,  with  this  additional 
expense,  is  not  capable  of  reduction  to  a  loading  condition  as  favor- 
able as  the  other  materials.  In  seeking  for  some  limit  between 
solid  and  loose  rock,  it  is  impracticable  to  fix  any  rate  of  drilling 
or  quantity  of  explosive.  The  condition  after  blasting  cannot  be 
taken  as  a  guide,  because  that  will  depend  upon  the  foregoing,  as 
well  as  upon  the  cohesion  of  the  material.  The  requirement  of  ring- 
ing under  the  hammer  is  inapplicable;  the  expression,  "continuous 
blasting,"  is  inexact,  and  can  be  worked  as  a  swindle  by  either  side. 

Can  a  physical  uniform  test  be  applied?  It  is  known  that  cer- 
tain soft  or  fractured  rocks  can  be  picked  or  barred  apart  with  rea- 
sonable rapidity,  and  customary  specifications  state  the  fact,  but  do 
not  state  the  rate.  By  definition  of  that  rate  the  classifications  of 
rock  can  be  clearly  defined.  The  writer  thinks  that,  keeping  close  to 
current  practice  in  classification,  the  rate  of  disintegration  for  loose 
rock  should  be  within  the  performance  of  two  men  thus  employed. 
A  material  requiring  more  than  two  men  working  with  pick  and  bar 
to  keep  one  shoveler  busy  is  certainly  a  material  that  "may  better 
be  removed  by  blasting"  and  which  "can  only  be  removed  by  blast- 
ing," in  a  reasonable  sense. 

It  may  be  objected  that  this  criterion  would  throw  some  material, 
occasionally  understood  as  loose  rock,  into  the  solid-rock  classifica- 
tion. The  writer  does  not  think  this  would  be  the  case,  if  the  ordi- 
nary "loose-rock"  specifications  mean  what  they  say.  But,  if  so, 
the  point  is,  that  the  cost  of  material  under  any  classification  is  not 
a  fixed  cost,  but  varies  with  many  factors.  For  instance,  a  material 
unquestionably  solid  rock,  under  certain  circumstances,  might  be 
loaded  for  40  cents  per  cu.  yd.;  under  other  circumstances,  identi- 
cally the  same  rock,  physically  and  chemically,  might  cost  $1,  $3, 
or  more,  per  cu.  yd.     Fixing  a  standard  by  which  the  contractor 
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can  know  clearly  how  the  material  will  be  paid  for  is  not  going  to 
make  the  price  for  the  classification.  That  price  will  be  made  on 
the  average  cost  of  the  materials  included,  as  modified  and  gov- 
erned by  the  specific  conditions  of  place  and  removal,  embracing 
the  whole  subject  of  quantity,  appliance,  situation,  credit  and  labor. 
A  consideration  of  importance  is  the  size  of  the  rocky  mass  that 
must  be  exceeded  in  order  to  constitute  a  solid-rock  classification. 
In  hand-work  an  isolated  mass  of  3  cu.  ft.  can  be  handled  without 
much  difficulty;  but  any  larger  mass  will  require  disintegration 
before  loading.  The  expense  of  this  disintegration  per  cubic  yard 
will  be  higher  than  that  for  disintegrating  masses  of  the  same  mate- 
rial which,  under  any  size  limit,  would  still  be  solid  rock.  In  steam- 
shovel  work  very  considerable  masses  can  be  loaded  without  disin- 
tegration, and,  consequently,  without  much  real  extra  expense.  An 
objection  to  a  small  size  limit  would  be  an  apparent  necessity  for 
more  particularity  of  measurement.  As  to  that,  the  separate  quan- 
tities in  mixed  material,  in  practice,  are  approximated  percen- 
tages, and  are  as  easy  to  calculate,  with  one  size  limit  as  another.. 
Bearing  in  mind  the  theory  of  trying  to  fix  classification  by  simi- 
larity of  cost,  the  writer  thinks  that  1  cu.  yd. — the  limit  most  fre- 
quently specified — is  too  high;  3  cu.  ft.,  although  right  in  one  view, 
is  probably  too  low ;  and  that  the  compromise  limit  of  i  cu.  yd. 
would  be  about  right.  This  limit  was  formerly  common,  and  is 
still  retained  in  some  specifications. 

In   an   endeavor   to   set   forth   the   foregoing   more   clearly,    the 
writer  proposes  the  following  as  an  outline  classification : 

Excavation,  excepting  foundation  pits  for  structures,  else- 
where classified  separately  as  foundation  exca^-ation, 
shall  be  either  classified  or  unclassified,  as  may  be  de- 
termined at  the  time  of  the  contract.  If  classified,, 
the  following  classification  shall  apply : 
Earth. — Material  which  in  its  customary  natural  contlition 
can  be  plowed — or  is  equivalent  to  a  material  which 
can  be  plowed — with  a  plow  cutting  a  furrow  10  in. 
wide  and  10  in.  deep,  drawn  by  a  team  of  4  horses,  or 
mules,  each  having  an  average  weight  of  1  100  lb.,  and 
moving  at  a  reasonable  plowing  speed,  shall  be  classi- 
fied as  earth. 
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Loose  RocJc. — The  following  shall  be  classified  as  loose  rock: 
Earthy  or  mixed  materials,  not  susceptible  of  plow- 
ing under  the  foregoing  test;  soft,  fractured,  dis- 
integrated or  other  rocky  material,  soft  or  loose 
enough  in  its  natural  condition  to  be  barred  or  picked 
apai't  by  two  men  thus  employed  serving  one  man 
shoveling  or  loading  by  hand;  solid  rock  in  separate 
masses  exceeding  1  cu.  ft.  each,  and  not  exceeding  4 
cu.  yd.  The  continuous  or  occasional  use  of  explo- 
sives, at  the  contractor's  option,  shall  not  affect  the 
classification,  but  it  shall  be  governed  solely  by  the 
test  above  set  forth. 

Solid  Rock. — The  following  shall  be  classified  as  solid 
rock:  Rocky  material  in  masses  exceeding  ^  cu.  yd., 
which  cannot  be  broken  apart,  or  displaced  from  its 
natural  position,  except  by  the  use  of  explosives;  and 
other  rocky  material  which  cannot  be  picked  or  barred 
apart  by  two  men  thus  employed  serving  one  man 
shoveling  or  loading  by  hand. 

Where  any  excavation  contains  material  of  more  than  one- 
classification,  the  relative  percentage  of  each  shall  be 
determined  by  measurement  and  observation  during 
the  progress  of  the  work. 

The  principal  point  aimed  at  is  clearness  of  test  and  classifi- 
cation. Experiment  will  determine  whether  or  not  the  material 
can  be  plowed,  and  actual  picking  or  barring  of  the  material  will 
determine  whether  or  not  two  men  can  keep  one  shoveler  going. 
Classification  becomes,  not  a  matter  of  opinion,  but  of  demonstra- 
tion. As  illustrating  the  application  of  these  tests  to  bidding:  if, 
under  the  test,  the  principal  earth  material  upon  a  piece  of  work 
could  not  be  plowed,  and,  therefore,  would  be  classed  as  loose  rock; 
and  if  the  intention  was  to  move  it  by  steam  shovel ;  and  if  com- 
peting contractors  considered  that  with  their  appliances  there  was 
little  difference  in  cost  between  the  given  material  and  earth,  they 
would  bid  about  the  same  price  for  loose  rock  and  earth.  Under 
other  conditions  they  might  justifiably  find  that  the  price  of  the 
given  material  had  to  be  two  or  three  times  that  of  plowable  earth,. 
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and  bid  accordingly;  the  classification,  in  other  words,  does  not 
make  the  prices.  Rigidity  of  classification  simply  makes  clear  how 
a  given  material  is  to  be  paid  for.  With  this  information,  the  price 
for  the  material  can  be  made  intelligently  by  the  contractor  in  view 
of  his  experience  with  similar  material  and  his  knowledge  of  local 
conditions. 

For  heavy  steam-shovel  work,  the  writer's  opinion  is  that  there 
is  no  especial  benefit  in  a  distinction  by  classification  between  loose 
rock  and  earth,  and,  for  that  class  of  work,  a  classification  for  solid 
rock  and  another  for  all  other  material  would  be  sufficient;  but 
nearly  all  steam-shovel  work  involves  more  or  less  miscellaneous 
accessory  work  for  team  and  hand  appliances,  and  the  loose-rock 
classification  is  needful  for  them;  furthermore,  classification  on  all 
work  would  become  better  established  by  its  uniform  practice. 

Foundation  Excavation. 

Almost  universally,  specifications  provide  payment  for  exca- 
vating foundation  pits  for  structures.  Formerly,  these  were  gen- 
erally paid  for  on  a  percentage  basis ;  but  there  was  frequent  op- 
portunity for  dispute,  mainly  on  account  of  differences  of  opinion 
as  to  the  kind  and  extent  of  appliances  to  be  furnished  and  the 
proper  compensation  for  them. 

Some  specifications  provide  for  payment  for  the  material  in 
coffer-dams  as  well  as  for  excavation.  Here  the  dispute  comes  as 
to  the  necessary  quantity  of  excavation  and  the  form,  material  and 
size  of  the  coffer-dam,  all  of  which  are  under  unspecified  control. 
Other  specifications  settle  this  by  requiring  the  engineer  to  make 
plans  for  the  coffer-dams.  This  is  impracticable  on  account  of 
delay,  and  throws  the  responsibility  on  the  engineer,  who  is  not 
generally  as  well  qualified  as  the  contractor  to  make  an  economical 
design.  The  most  frequent  custom,  and  apparently  the  best,  is  to 
leave  the  material  and  design  of  the  coffer-dam  or  support  to  the 
contractor,  make  him  responsible  and  pay  by  some  definite  stipula- 
tion. Past  experience  should  give  the  contractor  a  fair  idea  of  the 
cost  of  ordinary  foundations,  and  the  conditions  of  more  important 
emplacements  can  be  studied  before  bidding;  so  that,  on  the  aver- 
age, there  should  be  sufficient  information  in  sight  to  make  a  fairly 
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reasonable  estimate.  Experience  shows  that  the  reliable  unit  to  be 
used  in  computation  is  the  cost  of  the  excavated  material  per  cubic 
yard.  Specifications  do  not  generally  define  the  quantity  of  material 
which  shall  be  measured.  The  following  seems  to  the  writer  to  be 
reasonable  practice  and  definition: 

Excavation  for  foundations  of  pipes,  masonry,  or  other 
structures,  shall  be  classified  as  foundation  excava- 
tion under  the  following  heads: 

Dry -Foundation  Excavation.- — Material  of  whatever  nature, 
excepting  solid  rock,  found  above  water  level; 

Rock-Foundation  Excavation. — Material,  elsewhere  defined 
as  solid  rock,  found  above  water  level; 

Wet-Foundation  Excavation. — All  material  below  water  level. 

By  "water  level"  is  meant  the  average  or  mean  level  during 
construction  at  which  pumping  or  bailing  becomes 
necessary  in  the  work  of  excavating.  The  quantity 
of  wet  excavating  shall  be  computed  as  a  prism  having 
a  height  equal  to  the  distance  between  the  average 
level  of  the  bottom  of  the  foundation  pit  and  the  water 
level  and  a  base  equal  to  the  area  of  the  founda- 
tion course  plus  4  ft.  all  around.  The  dry  and  rock 
excavation  quantities  shall  be  computed  on  a  base 
equal  to  the  bottom  area  of  the  wet  excavation  as 
above  defined,  with  the  necessary  slopes  to  the  natural 
surface. 

Wet  excavation  shall  include  the  cost  of  excavating,  piling, 
coffer-dams,  pumping,  bailing,  leveling  off  the  bottom, 
and  the  expense,  of  whatever  nature,  necessary  to  com- 
plete the  foimdation  pit  from  low-water  level  to  the 
level  finally  determined  for  the  bottom,  and  to  main- 
tain the  foundation  pit  open  until  the  structure  shall 
have  been  placed  therein,  not,  however,  including  the 
placing  of  iron,  timber,  or  piles,  in  permanent  artificial 
foundations,  these  items  being  paid  for  under  a  sep- 
arate schedule  elsewhere  described. 

The  prices  for  all  classes  of  foundation  excavation  shall  in- 
clude the  cost  of  removing  the  spoil,  and  depositing  it 
in  adjoining  fills,  or  of  wasting  the  spoil,  if  such  de- 
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posit  in  fills  be  not  required  by  the  engineer;  and  also 
the  cost  of  removing  such  portions  of  coffer-dams  as 
the  engineer  may  require,  for  appearance  or  for  re- 
ducing obstruction  to  the  waterway. 

Measurements. 

Every  now  and  then  textbook  misinformation  is  seen  in  attempts 
to  measure  excavation  by  the  prismoidal  formula.  For  that  formula 
to  apply  strictly,  every  point  of  the  surface  between  the  end  cross- 
sections  should  be  capable  of  generation  by  a  straight  line  moving 
on  the  two  end  areas.  No  natural  ground  corresponds  exactly  to 
this  theoretical  requirement.  The  middle  area  is  the  dominant 
factor  in  the  calculation,  and  how  may  this  be  obtained  correctly? 
If  not  cross-sectioned,  it  must  be  computed  from  the  end-area  di- 
mensions, and  this  calculation  produces  an  area  which  is  entirely 
imaginary  and  certainly  out  of  place  in  a  rigid  formula.  If  a  mid- 
dle area  is  measured,  thereby  doubling  the  number  of  cross-sections, 
it  will  still  have  to  be  demonstrated  that  the  solid  is  a  correct 
prismoid.  Using  each  section  in  turn  as  a  middle  area  and  halving 
the  totals  is  theoretically  preposterous.  The  ordinary  measure- 
ment, by  averaging  the  end  areas,  cannot,  in  Nature,  represent  the 
mathematical  mean  area.  Neither  this  nor  the  prismoidal  formula, 
therefore,  gives  absolutely  rigid  measurement.  Decision  must  be 
made  as  to  which  approximation  is  to  be  taken.  Averaging  end 
areas  is  simple,  quick,  and  natural  in  principle,  easier  to  apply,  has 
the  sanction  of  custom,  and  is  on  the  whole  fairly  exact.  Cross- 
sections  for  any  formula  have  to  be  located  by  the  judgment  of  the 
field  engineer.  Any  reasonably  experienced  man  will  locate  sections 
sufficiently  close  together  on  rough  ground  to  reduce  the  theoretical 
error  of  the  end-area  computation  to  a  small  percentage.  The  writer 
has  a  strong  feeling  that,  in  staking  out  work,  the  ordinary  record 
of  the  measurement  will  vary  from  the  accurate  delimitation  of  the 
true  solid  more  than  the  difference  that  will  appear  by  juggling  the 
record  between  the  two  methods  of  computation. 

In  the  absence  of  a  precise  specification  for  the  use  of  the  pris- 
moidal formula,  custom  would  legally  govern  the  method  of  calcula- 
tion. Even  in  the  event  that  the  prismoidal  formula  was  specified, 
the  writer  does  not  believe  it  would  hold,  because  it  could  not  be 
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demonstrated  to  be  mathematically  correct  in  its  application  to  con- 
struction cross-sections.  With  a  specification  calling  for  what 
could  be  proved  to  be  an  incorrect  method  of  measurement,  the 
customary  method,  it  is  believed,  would  control  in  any  controversy. 
Using  the  prismoidal  formula  in  the  computation  of  construction 
quantities  is  an  attempt  at  substituting  something  apparently 
ultra-scientific  for  a  very  simple  computation.  The  use  of  "cor- 
rections" to  approximate  end-area  computation  to  the  prismoidal 
formula  appears  to  be  still  more  objectionable,  not  having  the  al- 
leged rigid  accuracy  of  the  prismoidal  formula,  and,  as  far  as  the 
writer  can  see,  requiring  nearly  as  much  extra  work,  with  very 
free  chances  for  error. 

Right  or  wrong,  the  kind  of  quantities  produced  by  averaging 
end  areas  is  the  kind  sanctioned  by  custom,  and  in  some  States  re- 
quired by  law.  Any  use  of  the  prismoidal  formula  in  construction 
computation  is  unwarranted  as  a  matter  of  right,  and  very  wrong 
as  to  policy.  The  contractor  will  surely  put  it  down  to  "skinning," 
although  the  only  motive  may  be  a  desire  to  be  more  scientific  than 
others. 

Extra  Items  Included  in  Prices  for  Excavation. 

In  the  cost  of  excavation  many  requirements  are  frequently  in- 
cluded which  do  not  properly  belong  there,  such  as  fencing  right 
of  way  during  construction,  maintenance  of  road  crossings,  tem- 
porary bridges,  saving  and  piling  rock,  opening  "horseback"  roads, 
taking  material  across  streams,  rip-rapping  slopes,  benching  em- 
bankments, spreading  material  in  layers,  packing  around  masonry, 
and,  worst  of  all,  including  the  cost  of  foundations  in  the  price  of 
masonry.  All  these  matters  cost  money.  They  may  or  may  not  be 
done.     Quantity  and  cost  are  indeterminate. 

The  specifications  appear  to  assume  that  their  cost  is  considered 
and  added  to  the  excavation  prices;  but  the  quantity  of  excavation 
is  rarely  known  accurately  in  advance,  and,  generally,  the  extent 
and  amount  of  the  extra  requirements  are  absolutely  unknown. 
Under  this  theory,  therefore,  a  portion  of  the  excavation  price  is 
for  something  which  does  not  belong  to  it.  The  engineer,  there- 
fore, is  either  paying  for  something  which  is  not  done,  or  not  paying 
properly  for  it,  as  the  case  may  be. 

The  general  rule  of  business  should  apply  here.     Where  a  defi- 
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nite  thing  is  to  be  done,  it  should  be  paid  for  directly.  Matters 
problematical  in  extent  should  not  be  called  for,  except  with  the 
promise  of  definite  reimbursement.  One  matter  should  not  carry 
the  cost  of  another  matter,  unless  the  latter  be  uniformly  a  con- 
comitant of  the  first  and  is  specified  so  definitely  that  its  quantity 
and  cost  can  be  calculated.  A  simple,  direct  way  is  to  pay  stipu- 
lated prices  if  these  matters  are  wanted;  or,  in  lieu  of  that,  to  pay 
for  them  as  extra  work. 

The  current  objection  to  settling  these  matters  as  extra  work  is 
strongly  ingrained,  but  the  authority  for  them  being  granted,  where 
is  the  real  difiiculty?  The  argument  will  be  made  that  the  general 
ofiice  has  to  pass  upon  an  extra  bill  which  cannot  be  checked.  In 
answer  to  this,  it  would  seem  reasonable  to  claim  that  the  con- 
struction engineer  who  is  reliable  enough  to  classify  and  measure 
quantities  running  to  tens  and  hundreds  of  thousands  of  dollars 
would  be  competent  to  investigate  correctly  occasional  bills  running 
to  a  few  hundreds,  and  that  his  signature  should  settle  the  account. 

The  human  nature  side  is  that  the  contractor,  when  he  does  these 
things,  sees  that  he  has  to  do  them  without  direct  compensation. 
In  preliminary  cost  estimates,  no  such  accuracy  is  possible  as  to 
have  these  matters  valued  correctly  in  advance.  If  that  view  be  cor- 
rect, the  engineer,  by  paying  these  extras  direct,  would  get  his  exca- 
vation price  lower. 

A  liberal  policy  in  all  these  matters,  as  against  a  rigid  require- 
ment, will  affect  the  aggregate  of  the  contract  to  a  very  small  per- 
centage; but  it  will  eliminate  much  useless  friction  and  dispute, 
and  the  engineer  will  benefit  his  company  in  the  long  run  by  estab- 
lishing a  reputation  for  liberality  and  fairness  at  a  very  small  tem- 
porary expense  and  a  real  saving. 

Making  Embankments. 

The  survival  of  an  error  which  once  gets  into  print  is  well  illus- 
trated by  the  frequent  specification:  "Embankments  must  be  car- 
ried up  in  layers  of  2  ft.";  "materials  shall  be  deposited  and  dis- 
tributed as  the  engineer  may  direct."  The  writer  has  known  two 
instances  where  inexperienced  resident  engineers  attempted  to  en- 
force the  requirement,  but  has  never  yet  seen  a  railroad  fill  made  in 
2-ft.   layers.     The   absurdity  of   such   a  requirement   is  well   illus- 
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trated  by  considering  steam-shovel  work.  It  is  believed  that  this 
requirement,  in  actual  expense  and  delay,  would  mean  that  the 
dumping  expense  alone  on  heavy  earthwork  might  cause  an  extra 
cost  of  more  than  the  contract  price.  If  the  question  was  between 
the  ordinary  method  and  this  requirement,  would  the  engineer  with 
such  a  specification  feel  warranted  in  paying  the  extra  cost  and 
carrying  out  the  requirement,  from  any  supposed  advantage  to  be 
thereby  obtained?  A  similar  question  arises  as  to  the  segregation  of 
materials.  It  is  absolutely  impracticable,  under  working  condi- 
tions, to  do  anything  else  than  take  the  material  and  dump  it  as  it 
comes.  Where  top  or  slope  rock  dressing  on  fills  is  called  for,  it 
can  hardly  be  gotten,  as  a  general  proposition,  except  by  dumping 
selected  material  and  reloading.  Would  any  engineer  be  willing 
to  arrange  all  his  work  with  the  top  dressing  and  pay  the  cost  as 
an  extra?  These  requirements  are  not  generally  enforced,  and  com- 
petition compels  the  contractor  to  disregard  such  problematical 
expenditures,  even  though  the  right  to  them  be  specified  clearly. 
Every  now  and  then  the  requirement  is  enforced,  and  it  is  a  clear 
case  of  the  contractor  doing  extra  work  for  nothing. 

These  requirements  in  railroad  construction  are  for  things  ab- 
solutely without  any  practical  value;  they  are  unmeaning  when  not 
enforced,  and  a  dead  expense  when  required,  and  should  be  elimi- 
nated. On  the  occasions  when  such  requirements  are  really  neces- 
sary, the  fair  way  is  to  pay  for  them,  and  not  try  to  get  them  done 
for  nothing  under  a  blanket  clause. 

Overhaul. 

The  remarks  as  to  specific  compensation  apply  partially  to 
clearing,  grubbing  and  overhaul,  but  the  latter  are  more  definitely 
ascertainable  by  the  contractor  before  bidding.  On  new  lines,  gen- 
erally, there  is  often  insufiicient  information  and  time  for  minute 
examination.  Eelocation  of  the  line  and  grade  frequently  destroys 
any  calculation.  With  no  price  for  these  items,  where  is  the  equity 
between  the  company  and  the  contractor  where  extensive  changes 
are  made  during  construction  ?  As  an  extreme  case,  suppose  a  steam- 
shovel  section  5  miles  long,  with  no  overhaul  clause;  suppose  the 
location  of  the  borrow  is  not  shown  at  the  letting;  suppose  that 
available  borrow   exists,   with    n   Ivigh-prieod    or   unobtainable   right 


56  GRADUATION   OF   RAILROADS.  [Papers. 

•of  way  near  a  fill  at  one  end,  and  that  a  long-haul  borrow,  with  no 
<;ost  for  land,  is  available  at  the  other.  Has  the  company  a  right, 
in  saving  right-of-way  expense,  to  force  the  contractor  into  hauling, 
say  4  miles,  under  a  stipulation  of  no  payment  for  changes  or  for 
overhaul ? 

The  overhaul  is  like  the  unclassified  price — legally  enforceable 
only  upon  a  specific  line  shown  to  the  contractor  at  the  letting  of 
the  work.  Speaking  in  a  general  sense,  any  hardship  that  comes 
upon  the  contractor,  from  changes,  will  legally  release  him  from  the 
contract,  unless  they  are  adjusted  to  his  satisfaction.  With  no 
overhaul  specified,  there  is  no  base  agreed  upon  for  change. 

The  writer  admits  that  there  is  complication  in  the  overhaul 
question,  arising  from  what  is  a  proper  overhaul  distance  to 
specify.  A  1 000-ft.  overhaul  on  steam-shovel  work  may  be  im- 
material, but  it  is  a  very  serious  matter  for  team  haul.  The  differ- 
ence could  be  taken  up  by  specifying  that  locomotive  overhaul  price 
shall  apply  beyond  a  certain  distance,  and  on  team  overhaul  beyond 
a  shorter  distance.  On  work  which,  by  reason  of  location,  small 
magnitude,  or  for  other  cause,  naturally  requires  hand  or  team  ap- 
pliances for  excavation,  the  overhaul  price  would  be  made  for  these 
appliances,  and  would  generally  be  high  enough  to  require  wasting 
and  borrowing  before  the  proper  limits  of  steam-shovel  haul  were 
reached.  Wliere  steam  shovels,  wholly  or  in  part,  are  anticipated, 
the  overhaul  price  will  come  down  to  such  an  extent  that  there  will 
be  no  controversy  as  to  appliances,  because  it  will  be  uneconomical 
to  make  any  team  overhaul  for  the  price  of  locomotive  overhaul.  In 
sections  where  scrapers  are  the  ruling  appliances,  specifications 
give  properly  low  limits  for  the  commencement  of  overhaul — 300, 
500  and  600  ft. ;  1  000  ft.  is  common  elsewhere,  and,  occasionally, 
1  500  and  1  600  ft.  For  team  appliances,  1  000  ft.  is  too  high;  1  500 
ft.  entirely  unreasonable.  The  nonsensical  stipulation,  of  an  over- 
haul after  an  average  haul  on  the  section  or  contract,  has  about 
disappeared,  so  that  nothing  need  be  said  in  criticism.  For  steam- 
shovel  overhaul,  there  is  no  standard  of  custom.  Some  roads  pay 
under  the  general  overhaul ;  some  include  it  in  the  yardage  price. 
Practically,  it  is  a  question  of  track  cost  as  one  item,  variable  per 
cubic  yard,  with  the  yardage  per  unit  of  track;  of  maintenance-of- 
way;  and  of  the  point  where  extra  trains  become  necessary.     The 
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latter  distance  is  dependent  upon  factors  not  connected  with  length 
of  haul,  facility  of  dumping,  and  facility  of  loading  and  speed. 

To  have  more  than  one  overhaul  price  or  distance  might  be  con- 
ducive to  conflict  between  the  contractor  and  the  engineer  as  to  the 
proper  equipment  for  the  work.  Inasmuch  as  the  contractor,  in 
making  the  proposition,  must  have  in  mind  the  appliances  by 
which  he  expects  to  move  'the  material,  he  should  have  the  ability 
to  adjust  differences  and  work  out  an  overhaul  price  that  will  rep- 
resent the  average.  The  handicap  to  this  is  the  customary  lack  of 
full  bidding  information.  Whichever  view  is  taken,  it  is  not  of 
great  importance,  provided  the  overhaul  principle  is  accepted  and 
a  clear  description  is  given  of  how  it  is  to  be  calculated. 

There  is  considerable  difference  in  the  practice  of  estimating 
overhaul,  and  confusion  as  to  just  what  it  means.  The  customary 
meaning  of  overhaul  is,  that  every  yard  of  material  moved,  over 
and  beyond  the  free-haul  distance,  is  subject  to  the  contract  allow- 
ance for  overhaul.  This  carries  the  implication,  as  is  also  the 
common  understanding,  that  the  free  overhaul  distance  shall  be 
measured  on  the  route  actually  taken  by  the  hauling  appliance  used; 
that  the  route  be  of  grades  customary  for  such  appliance;  and  that 
the  appliance  be  appropriate  to  the  particular  case.  In  the  event 
of,  say,  a  100-ft.  cut  into  a  100-ft.  fill,  it  can  be  seen  that  the 
question  of  proper  grades  and  appliances  might  become  very  com- 
plex. To  avoid  controversies,  the  method  of  measuring  overhaul 
should  be  stated  clearly  so  that  the  contractor,  in  bidding,  could 
cover  the  ordinary  hauls,  as  well  as  the  special  hauls  called  for  by 
exceptional  conditions.  The  simplest  method  would  be  to  locate 
the  stations  of  free  haul,  and  then  deal  with  the  cut  and  fill  on 
either  side  by  locating  the  station  of  the  center  of  mass  of  each. 
These  points  could  be  identified  and  understood  during  construc- 
tion, and  the  overhaul  computation  could  be  checked  at  any  sub- 
sequent period.  Unless  the  method  of  calculating  the  haul  be  de- 
fined, the  common  usage  will  prevail,  the  effect  of  which  is  that,  at 
a  later  date,  no  man  can  check  another,  or  even  himself. 

Clearing  and  Grubbing. 
There  is  nothing  to  be  said  specially  on  these  items;  as  a  busi- 
ness policy,  they  should  be  paid  for  specifically,  on  the  ground  that 
they  have  no  uniform  relation  to  grading. 
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Sub-Contracting  Work. 

It  is  as  usual  to  see  agreements  specify  that  no  work  is  to  be 
sublet  as  it  is  to  see,  in  the  execution,  sub-contractors  more  or 
less  peacefully  performing  their  assigned  tasks.  What  is  the  pur- 
pose of  the  prohibition  ?  It  is  generally  a  dead  letter  in  the  enforce- 
ment. The  writer  cannot  think  that  experienced  engineers  consider 
it  a  system  of  double  profit.  If  it  is,  is  not  the  contractor,  having 
obtained  his  work  in  competition,  entitled  to  share  his  profit  with 
the  sub-contractor,  if  he  is  so  generously  inclined?  The  sub-con- 
tractor exists  because  his  services  in  detail,  as  foreman,  manager, 
or  contractor,  coupled  with  his  financial  interest  in  results,  and  his 
special  plant,  are  at  times  more  efiicient  than  can  be  obtained  in 
other  ways. 

If  sub-contractors  are  eliminated  entirely,  how  would  the  con- 
tractor class  be  recruited?  Most  successful  contractors  develop  as 
sub-contractors  before  they  qualify  for  a  larger  field.  If  the  pro- 
hibition, except  on  consent  of  the  engineer,  exists,  and  the  sub- 
contractor is  there,  in  any  controversy  that  may  result,  the  engi- 
neer's knowledge  of  that  fact,  the  giving  of  instructions,  or  any 
form  of  recognition,  will  be  as  binding  upon  the  company  as  a 
formal  written  permission.  The  inclusion  in  the  contract  of  a 
prohibition  to  be  waived  in  ordinary  practice  does  not  safeguard 
the  engineer  in  the  event  of  litigation.  The  writer  believes  it  to  be 
against  the  interest  of  the  company  to  try  to  exclude  subletting. 
The  only  objection  that  can  be  brought  seriously  against  the  prac- 
tice is  in  ease  of  failure,  or  litigation  on  account  of  the  sub-con- 
tractor; but,  in  this  case,  under  any  customary  contract,  the  com- 
pany still  holds  the  contractor  for  the  financial  end. 

The  most  reasonable  view  is  not  to  prohibit  a  perfectly  business- 
like arrangement,  but  frankly  admit  it,  and,  in  admitting  it,  control 
the  form.  A  stipulation  that  would  seem  to  cover  the  whole  case 
would  le  to  require  the  sub-contractor's  agreement  to  read  some- 
thing like  this : 

"Tho  company  and  the  contractor  shall  have  all  rights  and 
power  as  to  the  sub-contractor,  that  the  company  has  as  to  the  con- 
tractor, in  its  contract  with  him ;  and  the  work  assigned  to  the  sub- 
contractor shall  be  done  subject  to  all  the  conditions  stated  in  the 
specifications  of  the  company,  or  embodied  in  the  contract  between 
the  company  and  the  contractor." 
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In  practice,  the  sub-contractor's  agreement  would  be  a  dupli- 
cate, except  as  to  principals  and  price,  of  the  agreement  between  the 
company  and  the  contractor,  with  the  foregoing  provision   added. 

As  the  moi-e  successful  sub-contractors  become  contractors  and 
then  competitors,  the  only  people  really  interested  in  opposing  them 
are  the  contractors  themselves.  They  might  be  said  to  be  opposed 
to  subletting  work  as  a  principle,  but  in  actual  practice  they  find 
that,  for  portions  of  their  work,  the  arrangement  is  the  least  costly 
and  most  efficient  method  of  producing  a  certain  result. 

If  the  engineer  proposes  clearly  and  firmly  to  prohibit  any  form 
of  sub-contracting  for  an  individual  piece  of  work,  consideration  of 
policy  on  the  part  of  the  contractor  would  generally  prevent  serious 
opposition,  because,  no  matter  what  his  rights  or  desires  might  be^ 
the  engineer  would  have  the  power  to  withhold  future  invitations. 
On  extensive  constructions  of  20  or  100  miles  of  railroad,  or  more, 
necessitating  simultaneous  construction  from  a  number  *of  camps^ 
there  is  no  price  obtainable  by  the  engineer  as  advantageous  to  the 
company  as  that  which  he  will  get  from  contractors  competing 
with  the  expectation  of  sub-contracting  considerable  portions  of  the 
work.  The  engineer,  by  letting  a  great  many  small  contracts,  may 
think  that  he  will  get  a  lower  price;  but  those  engineers  who  try  it 
do  not  generally  endorse  this  method. 

Contractors  have  a  notion  that  a  contract  is  a  sort  of  property  j 
that  they  have  the  right  to  make  performance  by  the  most  suitable 
method;  and  that  they  have  as  much  natural  right  to  make  pay- 
ment by  quantity  as  by  time,  for  services  of  individuals  or  groups 
of  individuals.  Some  of  these  rights  appear  to  be  pretty  strong. 
Sub-contracting  occasionally  gives  the  engineer  some  personal  trou- 
ble^it  rarely  gives  his  company  any  financial  trouble — where  there 
is  a  sub-contractor  there  is  generally  an  economic  reason.  All  this 
means  that  enforced  prohibition  of  all  sub-contracting  by  everybody 
will  raise  the  price  of  work,  in  the  long  run ;  and  the  engineer  can- 
not justifiably  take  the  position  that,  in  order  to  avoid  some  detail 
and  the  possibility  of  annoyance,  he  may  take  the  risk  of  increasing 
the  cost  of  the  work.  The  point  will  be  made  clearer  by  consider- 
ing the  architects :  Their  clients  have  chances  for  liens,  suits,  etc., 
to  a  far  greater  extent  than  railroad  companies  have  from  sub- 
contractors, yet  it  is  well  known  that  the  average  building  has  as 
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many  sub-contractors  as  there  are  trades  represented;  and  they  are 
there  because  that  is  the  cheapest  arrangement  for  the  owner. 

Eight  op  Way. 

One  of  the  scandals  of  railroad  construction  is  the  absolute  dis- 
regard of  plain  business  methods  in  the  acquisition  of  right  of  way, 
and  the  consequent  unfair  saddling  of  useless  expense  on  the  con- 
tractor. It  is  a  notorious  fact  that,  in  general,  the  construction  con- 
tract is  let  with  little  or  none  of  the  right  of  way  secured.  The 
contractor  sometimes  gets  on  the  ground  before  the  right  of  way 
agent.  That  agent's  interest  is  to  get  right  of  way  for  the  least 
money.  He  may  consider  that  a  $20  difference  may  justify  with- 
drawal for  a  month,  or  throwing  the  case  into  court  in  order  to 
sustain  his  prestige.  He  is  held  responsible  for  the  results,  has  a 
hard  job,  and  must  play  all  the  politics  he  knows.  From  his  stand- 
point, his  action  may  be  right.  Siippose  the  contractor  is  held  up  at 
a  critical  point  of  the  work;  the  other's  right  is  not  right  for  him. 
His  contract  says  he  must  wait  the  other's  convenience,  whether  he 
likes  it  or  not,  and  shall  lose  the  time  and  expense  of  waiting.  This 
is  not  a  fancy  picture,  but  a  daily  occurrence. 

Many  engineers  allow  themselves  to  be  hustled  into  starting 
work  with  immature  plans  and  without  right  of  way.  They  would 
have  an  easier  time,  save  money  for  everybody,  and  do  the  right 
thing,  if  they  consistently  refused  to  let  contracts  until  these  mat- 
ters were  thoroughly  in  hand. 

Insurance. 

Agreements  generally  contain  amplified  .stipulations  that  con- 
struction must  be  maintained  by  the  contractor  until  the  final  ac- 
ceptance by  the  engineer.  This  seems  fair  enough  on  its  face,  but 
the  customary  wording  does  not  make  equitable  distinctions.  It 
is  easy  enough  to  see  that  if  the  contractor,  in  such  an  act  as  trans- 
porting material  to  the  work,  suffers  loss  or  damage  of  that  mate- 
rial before  it  is  put  into  the  structure,  the  company  has  equitably 
nothing  to  do  with  the  damage. 

Further,  it  is  not  unreasonable  that  a  structure,  such  as  a  build- 
ing, completed  in  advance  of  other  work,  all  subject  to  acceptance 
at  one  time,  should  be  insured  by  the  contractor.     The  question  be- 
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comes  somewhat  involved  in  tlie  instance  of,  say,  trestle-work  which 
has  been  finally  completed,  in  the  event  of  destruction  from  a  cause, 
not  the  fault  of  the  contractor,  before  acceptance  of  the  work  as  a 
whole.  For  railroad  embankments  washed  away  by  water;  for  the 
destruction  of  masonry  already  laid  according  to  specifications;  for 
subsidence  of  embankments  and  collapse  of  slopes,  and  re-dressing 
necessary  from  that  cause;  and,  for  similar  matters,  it  is  clear  to 
the  writer  that  there  is  no  equitable  reason  why  these  risks  should 
be  forced  upon  the  contractor.  If  the  contractor  places  the  mate- 
rial where  he  is  directed,  no  stretch  of  imagination  could  make  it 
fair  for  him  to  be  responsible  for  destruction  by  the  elements  when 
he  has  no  control  over  the  selection  of  the  location  or  plan. 

As  illustrative  of  the  way  in  which  equities  are  destroyed  by 
such  clauses,  the  writer  recalls  a  case  where  a  retaining  wall  which 
was  too  light  fell  down  when  the  embankment  was  placed  against  it. 
The  wall  was  rebuilt,  payment  for  it  denied,  and  the  contractor  sued. 
He  established  the  fact  that  the  wall  fell  because  of  improper  de- 
sign, and  that  the  workmanship  was  according  to  contract.  He  lost 
on  the  ground  that  his  contract  was  not  only  to  build,  but  to  main- 
tain until  acceptance,  and  his  remedy  would  have  been  to  have 
notified  the  engineer  that  the  design  was  insufiicient  and  to  have 
made  formal  protest  to  building  it. 

The  writer  recalls  a  personal  experience  in  building  a  30-ft. 
arch.  This  arch  was  built  on  a  cemented  gravel  foundation  which 
was  perfectly  satisfactory  to  the  engineer  and  would  have  been 
all  right  ninety-nine  times  out  of  a  hundred.  The  side-walls  and 
four  cross-walls  were  carried  well  down,  and  the  bottom  was  paved 
with  heavy  stone  on  edge,  well  laid.  The  whole  work  was  built 
under  continvious  inspection,  and  the  destruction  hereafter  referred 
to  revealed  no  fault  of  workmanship  or  material. 

This  arch  was  accepted  on  a  Friday.  In  the  meantime  the  fill 
had  been  completed  for  part  of  its  width  over  the  arch,  damming 
the  small  valley  except  for  the  arch  opening  of  about  25  by  30  ft. 
On  the  following  Tuesday,  a  cloudburst  occurred,  and  the  arch  ran 
full  and  discharged  as  a  pipe.  The  paving  was  dug  out  by  the 
current,  then  the  gravel  was  eroded,  the  side-walls  fell  in,  and  the 
disrupted  structure  was  spread  over  three  acres  of  ground. 

The  first  question  asked  by  the  management  was  whether  or  not. 
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the  contractor  was  responsible  under  the  "insurance  clauses."  This 
was  disposed  of  by  the  technicality  that  the  arch  had  actually  been 
-f.ccepted  a  few  days  before.  Suppose  the  accepting  engineer  had 
been  delayed  on  Friday  and  calculated  to  get  there  on  Tuesday,  in- 
stead; then  a  strictly  technical  construction  of  the  agreement 
would  haye  involved  the  contractor  in  replacing  3  000  yd.  of 
masonry  at  his  own  expense.  What  had  the  contractor  done,  or  not 
done,  that  could  have  made  any  real  change  in  the  equity  of  his 
position  ? 

According  to  the  teaching  of  the  case  first  cited,  the  contractor's 
legal  duty  was  to  have  formally  notified  the  company  of  what  was 
not  a  fact — that  the  foundation  was  bad — and  to  have  refused  to 
huild  on  the  accepted  foundation,  except  under  protest.  It  seems 
to  the  writer  that  the  simplest  investigation  of  how  unfairly  these 
clauses  can  work  out  is  amply  sufficient  to  show  the  necessity  of 
eliminating  most  of  them  and  very  carefully  restricting  the  others. 

Indemnity. 

All  agreements  are  elaborate  in  provisions  to  save  the  company 
harmless  against  any  acts  of  the  contractor  during  construction. 
These  provisions  are  proper,  provided  the  contractor  is  legally 
liable;  they  are  wrong  where  the  company  withholds  payments  to 
force  the  contractor  into  settlements,  whether  proper  or  not.  Many 
agreements  recite  that  in  the  event  that  the  company  is  a  party 
to  the  action,  the  company  may  settle  without  the  consent  of  the 
contractor  and  charge  against  him,  together  with  such  legal  ex- 
penses as  the  company  may  choose  to  fix  as  its  cost  of  defense.  If 
the  contractor,  as  an  individual,  is  sued  jointly  with  another  in- 
dividual, he  must  defend  himself  as  best  he  can.  There  is  no 
method  by  which  he  can  recover  the  expense  of  defense,  either 
against  the  party  who  sued  or  on  account  of  whom  he  is  sued. 

The  writer  can  see  no  fair  ground  why  the  company  should  be 
more  favored  in  the  case  of  construction  contracts  than  in  any  of 
its  other  agreements  where  it  takes  its  chance  according  to  the 
general  law.  The  fair  principle  is  that,  if  the  railroad  pays  the 
contract  price,  it  should  get  the  goods;  if  the  contractor  incurs 
liability,  then,  by  agreement,  he  should  indemnify  the  company 
against  loss,  and  the  obligation  should  end  there.     In  accepting  the 
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contractor,  the  company  should  consider  his  ability  to  save  it  harm- 
less, just  as  it  considers  and  accepts  his  ability  to  perform  the 
work.  If  the  company  is  sued  jointly  with  the  contractor,  it  may 
either  let  the  contract  or  defend,  looking  to  his  satisfying  any  de- 
cision, or,  if  it  elects  to  defend  also,  it  should  do  so  at  its  own  ex- 
pense, as  it  would  in  any  other  action. 

Power  and  Authority  of  the  Engineer,  and  of  the  Company. 

The  following  extracts  are  from  current  specifications : 

New  Yorl-,  New  Haven  arid  Hartford  R.  R. — "Eight  to  change 
line  or  grade.  *  *  *  Should  change  aifect  cost  of  doing  work, 
engineer  shall  determine  price  to  be  paid  either  above  or  below,  so 
as  to  do  substantial  justice  between  the  parties.  *  *  *  Work 
to  be  done  under  direction  of  engineer;  his  decision  of  the  true 
construction    and    meaning    of    specifications    and    drawings    final. 

*  *  *  Contractor  shall  not  sublet.  *  *  *  Company  reserves 
the  right  to  suspend,  to  close  and  settle  up.  *  *  *  The  can- 
celling shall  not  entitle  the  contractor  to  any  claim  for  damages. 

*  *  *  Should  contractor  be  delayed  by  other  contractor,  by 
stakes,  damage  by  fire,  etc,,  time  shall  be  extended." 

Erie  R.  R.  and  Baltimore  and  Ohio  R.  R. — "Quantities  and  dis- 
position of  excavation  may  be  changed  by  alteration  in  grades, 
curves,  or  alignment.  *  *  *  If  by  such  changes  work  is  made 
more  or  less  expensive,  contractor  shall  have  such  allowances  or  de- 
ductions therefor  as  engineer  considers  just.  *  *  *  Contractor 
shall  commence,  prosecute  and  complete  under  direction  of  the 
engineer,  who  shall  have  power  to  direct  the  application  of  the 
forces;  to  change  beginning  and  ending  point  of  sections;  to  order 
the  forces  increased  or  decreased.  ■»**!£  methods  or  appli- 
ances appear  inefficient,  engineer  may  order  the  contractor  to  in- 
crease and  improve.  *  *  *  Should  right  of  way  not  be  pro- 
cured where  contractor  desires,  he  shall  distribute  his  forces  at 
other  points  without  any  claim  for  damages.  *  *  *  Contractor 
shall  not  sublet.  *  *  *  Engineer  may  make  allowances  he 
deems  just  for  loss  or  damage  to  the  contractor,  resulting  from  right 
of  way  or  other  delays  of   any  kind  occasioned  by  the  company. 

*  *  ■*  Engineer  shall  have  the  right  to  regulate  wages.  *  *  * 
Contractor  agrees  to  do  work  to  satisfaction  of  engineer.  *  *  * 
The  classification  of  all  excavation,  masonry,  etc.,  shall  be  made  by 
the  engineer;  decision  in  regard  to  same  shall  be  final  and  binding. 

*  *  *  The  company  shall  have  the  right  at  any  time  to  suspend 
or  annul  the  contract;  such  shall  not  give  any  claim  for  damages." 

Norfolk  and  Western  R.  R. — "In  case  delayed  through  negli- 
gence or  incompetence  of  a   contractor  for  other   work,   no   claim 
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against  the  company  shall  be  made.  *  *  *  When  this  agree- 
ment is  completely  performed,  performance  accepted,  certified  in 
writing  by  Chief  Engineer,  final  estimate  shall  be  paid.  *  *  *- 
Snch  final  estimate  shall  be  conclusive  unless  reversed  or  modified 
by  the  president  of  the  company  upon  appeal  by  either  party.  *  *  * 
Contractor  shall  not  assign  or  sublet  *  *  *  Right  to  make  any 
alteration  in  location,  line,  grade,  plan,  form  or  dimensions.  *  *  * 
No  claim  for  damages,  on  any  ground  whatever.  *  *  *  ]^o 
compensation  to  contractor  for  hindrances  and  delays,  but  exten- 
sion of  time,  provided  contractor  gives  notice  in  writing.  *  *  * 
Company  reserves  the  right  to  suspend,  terminate  or  restrict.  *  *  * 
No  claim  for  consequential  damage  or  anticipated  profit  or  damage 
of  any  kind.  *  *  *  All  questions,  differences  or  controversies- 
in  any  way  whatever  pertaining  to  said  work  shall  be  referred  tO' 
Engineer,  and  his  decision  shall  be  in  the  nature  of  an  award,  final 
and  conclusive  iipon  both  parties,  unless  reversed  or  modified  by 
the  president,  and  compliance  on  the  part  of  the  contractor  with 
every  decision  of  the  engineer,  shall  be  a  condition  precedent  to  the 
right  to  receive  any  payment  hereunder." 

"Big  Four." — "By  failure  to  secure  right  of  way,  company  is 
not  liable  for  damages,  but  gives  extension  of  time.  *  *  *  Engi- 
neer at  liberty  to  make  any  changes.  *  *  *  Provisions  of  this 
contract  apply  to  all  changes.  *  *  *  Contractor  shall  prosecute 
work  in  such  manner,  at  such  times  and  points  as  engineer  shall 
direct.  *  *  *  ]^o  portion  of  the  w^ork  to  be  sub-contracted. 
*  *  '^"  Final  estimates  upon  the  full  completion,  to  the  satis- 
faction, approval,  and  acceptance  in  writing  of  the  engineer." 

Chicago,  Burlington  and  Quincy  B.  B. — "No  damages  from  de- 
fault of  the  company,  but  extension  of  time.  *  *  *  Engineer 
may  make  changes.  *  -  *  Addition  or  deduction  to  price  to 
be  made  as  engineer  deems  just  and  equitable.  *  *  *  Einal  es- 
timates including  quantity,  quality,  classification  and  price,  shall 
be  subject  to  revision  and  adjustment  by  Chief  Engineer.  *  *  * 
Company  has  the  right  to  terminate  contract  on  giving  final  esti- 
mate to  date.  *  *  *  To  prevent  disputes  or  misunderstandings 
between  the  parties  hereto  in  relation  to  matters  of  fact,  but  not 
of  law,  the  engineer  is  hereby  constituted  and  appointed  the  umpire 
to  decide  finally,  his  decision  as  to  the  quality,  character,  kind  and 
classification  to  be  in  the  nature  of  an  award,  final  and  conclu- 
sive." 

Missouri  Facific  By. — "No  damages  from  any  default  of  the 
company.  *  *  *  All  provisions  of  contract  to  apply  to  changes. 
■"  *  *  Proseciite  work  as  engineer  shall  direct.  *  *  *  Work 
shall  not  be  sub-contracted.  *  *  *  Final  payment  upon  the  full 
completion  to  the  satisfaction,  approval  and  acceptance  in  writing 
of  the  engineer.     *     *     *     Company  has  right  to  suspend,  or  re- 
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duce  force.  *  *  *  After  suspension,  company  can  order  work 
resumed.  *  *  *  No  claim  for  damage.  *  *  *  Engineer 
shall  be,  and  hereby  is  made,  constituted  and  appointed,  the  sole 
arbiter  to  decide  all  questions  and  matters,  and  said  engineer  shall 
determine  and  set  forth  in  the  final  estimate,  the  quantity,  char- 
acter, kind  and  classification,  under  the  contract,  and  his  decision 
and  determination,  as  to  any  and  all  matters,  shall  have  the  force 
and  effect  of  an  award,  and  shall  be  final,  binding,  and  conclusive 
at  all  times  and  places." 

Great  Northern  By. — "Contractor  agrees  not  to  relet.  *  *  * 
Work  at  such  points  as  engineer  directs.  *  *  *  Engineer  made 
umpire  to  decide  all  matters  arising  or  growing  out  of  the  contract. 
*  *  *  Company  has  right  to  stop  any  of  the  work  or  diminish 
force,  no  claim  for  damages.  *  *  *  Eight  to  make  changes, 
but  price  to  be  paid  per  cubic  yard  shall  cover  the  risk  of  any 
change  to  the  disadvantage  of  the  contractor,  and  he  shall  have  the 
benefit  of  any  alteration  that  may  operate  in  his  favor.  *  *  * 
The  decision  of  the  engineer  on  any  point  or  matter  touching  this 
agreement  shall  be  final  and  conclusive.  *  *  *  Said  parties 
waive  any  and  all  right  of  action,  suit,  or  other  remedy,  in  law  or 
otherwise.  *  *  *  Final  payment  when  the  certificate  and  esti- 
mate shall  have  been  furnished  by  the  engineer." 

Chesapeake  and  Ohio  Ry. — "Executed  under  the  direction  and 
supervision  of  the  engineer,  or  his  authorized  assistants,  by  whose 
measurements  and  calculations,  quantities  shall  be  estimated,  and 
whose  determination  shall  be  conclusive.  *  *  *  Final  estimate 
on  engineer's  certificate  that  the  whole  work  is  completely  and  ac- 
ceptably finished  within  the  time  specified.  *  *  *  Contractor 
shall  not  sublet.  *  *  *  Right  to  make  any  alteration  in  loca- 
tion, line,  grade,  plan,  form  or  dimensions.  *  *  *  No  claim 
for  anticipated  profits  on  work,  altered  or  dispensed  with.  *  *  * 
Nothing  construed  into  liability  for  damages  from  hindrances  and 
delays,  but  contractor  shall  have  extension  of  time.  *  *  *  All 
questions,  differences  or  controversies  shall  be  referred  to  the  engi- 
neer; his  decision  final  and  conclusive  to  both  parties." 

The  foregoing  extracts  are  sufficiently  illustrative  of  the  powers 
stipulated  for  the  companies  in  their  construction  agreements. 

The  powers  claimed  on  the  average  may  be  summarized  as 
follows : 

Contractor  to  do  the  work  where  and  when  the  engineer  shall 
direct,  whether  the  procedure  is,  or  is  not,  a  reasonable  one  in 
economical  organization,  and  whether  or  not  the  procedure  is  fair. 

Where  the  company  is  in  default  from  any  cause,  the  expense 
shall  be  borne  by  the  contractor,  his  relief  is  in  extension  of  time. 


6G  GRADUATION   OF   RAILROADS.  [Papers. 

provided  he  gives  notice  and  the  engineer  considers  the  point  well 
taken. 

The  contractor  shall  equip  his  work  with  such  forces  and  appli- 
ances as  the  engineer  shall  direct.  In  case  he  does  not,  the  com- 
pany holds  the  right  to  employ  the  force  and  charge  the  expense; 
to  annul  the  contract  in  whole  or  in  part;  to  seize  the  contractor's 
plant;  and  to  withhold  any  unpaid  sums  of  money  which  may  then 
be  due.  The  contractor's  employees  are  subject  to  discharge  by 
order  of  the  engineer.  A  reservation  of  10%  is  withheld  from  the 
contractor's  payments  in  addition  to  withholding,  by  custom,  an- 
other part  at  the  discretion  of  the  subordinate  engineer.  The  com- 
pany, of  its  own  motion,  without  default  on  the  part  of  the  con- 
tractor, holds  the  right  to  terminate  the  contract  at  any  time,  to 
suspend  the  work,  to  hold  the  contractor  to  resume,  with  stipulated 
denial  of  the  contractor's  right,  not  alone  to  damage,  but  even  for 
recovery  of  expense.  The  contractor  must  obey  all  orders  of  the 
engineer  and  accept  his  determination  as  final,  at  a  time  when  the 
engineer  holds  the  relation  of  an  employee  and  agent  of  the  com- 
pany; the  contractor  knowing  at  times  that  the  engineer  has  no 
detailed  knowledge  of  the  work,  and  that  the  information  which  he 
certifies  as  his  final  judgment  is,  in  fact,  the  work  of  an  assistant, 
with  whom  he  may  not  be  even  personally  acquainted. 

Eequirement  that  the  company  shall  have  the  right  to  save  it- 
self in  case  of  claims  against  the  contractors;  to  make  an  ex  parte 
examination,  to  settle  the  controversy  and  charge  the  contractor 
with  the  award  and  such  expense  as  the  company  shall  set,  without 
consultation  with  the  contractor,  and  without  his  acceptance.  Re- 
quirement that  the  contractor  shall  exhibit  complete  receipts,  show- 
ing that  all  accounts  have  been  paid.  Eequirement  that  the  con- 
tractor shall  save  the  company  harmless  from  every  matter  growing 
out  of  the  construction. 

Requirement  that,  before  the  eontractor  can  get  final  payment 
for  matters  not  in  disptite,  he  shall  accept  the  engineer's  estimate 
as  a  total  and  release  each  and  every  matter  and  sign  in  full  set- 
tlement, with  a  more  drastic  wording  in  some  contracts;  that  the 
contractor  shall  have  accepted  the  final,  as  handed  out  by  the  engi- 
neer, before  the  company  shall  have  incurred  any  indebtedness  to 
the  contractor. 
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Requirement  that,  after  the  contractor  shall  have  done  work 
which  is  satisfactory  to  the  inspector  appointed  for  it,  the  work  may 
still  be  condemned  and  required  to  be  done  over. 

The  stipulation  in  favor  of  the  contractor  is,  that  he  shall  have 
the  right  to  accept  without  protest  the  sum  of  money  the  engineer 
shall  say  is  due  him. 

It  is  safe  to  say  that  in  no  other  business  relation  between  men 
are  such  one-sided  agreements  customary;  in  no  other  relation  is  a 
man  conceived  to  be  clothed,  by  reason  of  a  written  instrument,  in 
a  mantle  of  infallibility,  as  is  the  engineer  in  customary  railroad 
contracts.  In  political  matters,  some  thinkers  hold  that  an  in- 
telligent despot  can  give  the  most  efficient  government;  so,  in  the 
case  of  the  engineer,  granting  an  untrammeled,  industrious  and 
able  man,  subjecting  the  contract  to  his  exclusive  decision  may 
work  out  as  the  best  arrangement  all  around.  As  far  as  the  writer's 
observation  goes,  the  average  and  general  result  is  good,  without 
much  genuine  offset;  but  every  now  and  then  there  is  an  instance 
of  gross  tyranny  and  outrageous  wrong  under  these  powers.  The 
delays,  safeguards,  and  forms  appropriate  for  a  peacefiil  civiliza- 
tion would  paralyze  an  active  army.  Railroad  contract  work  re- 
quires somewhat  of  the  army's  autocratic  directness  of  control,  but 
the  control  should  be  within  well-defined  and  reasonable  lines. 

The  objection  in  a  practical  sense,  however,  comes,  not  so  much 
from  arbitrary  or  unfair  use  of  the  engineer's  power,  but  from  his 
carrying  out,  or  being  forced  into  carrying  out,  requirements  which 
are  too  broad  or  are  unreasonable,  which  he  may  have  thoughtlessly 
included  in  his  agreement,  put  there  from  mere  copying  of  prece- 
dent, or  at  the  suggestion  of  a  legal  department  which  considers 
only  its  side  of  the  case.  Ordinarily,  these  clauses  are  unnecessary. 
In  spite  of  them,  most  engineers  have  to  and  do  make  fair  adjust- 
ments, and  settlement  for  the  majority  of  work  goes  through  with 
mutual  satisfaction.  With  these  clauses  too  strongly  drawn,  the 
engineer,  in  spite  of  a  personal  desire  to  be  fair,  may  be  forced  by 
his  company  into  an  opposite  policy,  in  accordance  with  the  stipu- 
lations of  the  contract.  In  no  class  of  cases  is  there  greater  real 
damage  done  than  when  organized  work  is  suspended  or  stopped. 

In  the  old  days,  when  contractors'  equipment  was  carts,  scrapers 
and  stock,  the  suspension  of  work  was  a  serious  blow.     At  the  pres- 
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ent  time  the  organization  and  plant  for  work  is  multiplied  many 
times  more  than  the  requirements  of  twenty  years  ago.  The  ex- 
pense, effort  and  time  sunk  in  organizing,  very  often  with  special 
plant,  has  only  a  partial  relation  to  the  work  which  may  be  per- 
formed at  a  particular  date.  It  is  a  general  expense  to  prorate  over 
all  of  it.  Any  suspension  or  stoppage  cuts  off  the  profitable  part  of 
the  work,  and  where  no  compensation  is  made  for  the  stoppage,  the 
contractor  is  in  effect  robbed,  whether  it  be  by  agreement  or  not, 
presuming  that  the  contract  was  profitable  in  itself. 

It  must  be  further  considered  that  the  contractor,  in  making 
agreement  for  a  given  piece  of  work,  has  taken  the  risk,  and  if  it 
can  be  shown  that  the  uncompleted  work  would  have  been  profit- 
able, upon  suspension  of  this  work,  he  is  legally  and  fairly  entitled 
to  that  profit,  subject  to  such  offset  as  would  be  made  by  an  earlier 
release  of  services.  The  no-damage  clause  offsets  this  or  any  other 
claim. 

As  the  writer  understands  the  obligation  of  contracts,  in  mat- 
ters of  measurement,  classification,  workmanship,  meaning  and  ap- 
plication of  specifications,  and  the  like,  which  have  to  be  decided  by 
an  expert,  and  for  which  the  engineer  is  nominated  by  agreement 
as  such  an  expert,  his  finding  and  decision  will  be  held  final  in  the 
absence  of  fraud.  All  other  matters  are  at  least  open  to  court  re- 
view. Therefore,  a  clear,  fair  contract  interpreted  by  the  engineer 
has  a  better  chance  to  be  upheld  in  its  final  than  one  which  is  un- 
fair and  extravagant  in  its  stipulations  in  favor  of  the  company. 
The  time  has  about  come  for  the  companies  to  be  willing  to  assume 
the  risk  of  their  own  acts  and  plans,  and  not  to  saddle  these  risks 
further  upon  contractors. 

In  conclusion,  the  writer  would  say  that  the  main  thought  in 
this  whole  discussion  is :  That  a  contractor  and  a  company  enter 
into  an  agreement  for  mutual  benefit.  Every  matter  not  clear, 
subject  to  whim  and  opinion  in  its  working  out,  unfair  in  its  in- 
tent, or  in  the  nature  of  a  "strangle  hold,"  is  unfair  to  one  side 
and  reacts  upon  the  other,  and  that  the  business  of  both  parties  is 
best  served  by  a  fair  agreement. 

Construction  methods,  throughout  the  United  States,  at  least, 
are  fairly  uniform  for  like  classes  of  material.  There  is,  however, 
the  widest  variation  in  customs,  requirements,  specifications,   and 
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general  clauses  for  the  agreements  for  such  work.  There  is  no 
valid  reason  v/hy  the  agreements  should  not  be  standardized.  The 
consideration  and  preparation  of  a  standard  form  would  be  a 
very  useful  and  important  work  for  this  Society,  and  of  benefit 
to  the  greater  number  of  its  members,  who  have  more  or  less  to  do 
with  carrying  out  these  agreements  at  one  time  or  another.  A 
standard  form  would  not  interfere  with  special  modifications  which 
might  be  necessary  at  times.  These  matters  could  be  covered  by 
special  specifications,  attached  to  the  standard  form. 
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LIBERATION  OF  AIR  IN  SIPHONS. 


By  Charles  Anthony^  Jr.,  M.  Am.  Soc.  C,  E. 


Though  siphons  are  appliances  with  which  it  is  as  well  to  have 
as  little  as  possible  to  do,  conditions  may  arise,  especially  when 
modifying  pre-existing  works,  which  compel  their  use.  Under  such 
circumstances,  the  designer  is  at  considerable  disadvantage  through 
lack  of  data  concerning  the  quantity  of  air  which,  under  prac- 
tical conditions,  it  is  likely  will  be  set  free  by  water  in  its  passage 
through  a  siphon. 

Last  year  the  writer  designed  and  erected  at  East  London,  Cape 
Colony,  the  12-in.  siphon  shown  in  Eig.  1. 


Datum  line  30  ft    below  top 


Fig.  1. 


Before  leaving  Cape  Colony  he  had  not  time  to  carry  out,  as 
he  had  intended,  a  series  of  experiments  with  the  object  of  ascer- 
taining the  quantity  of  air  liberated  under  different  conditions,  as 

♦This  paper  will  not  be  presented  at  any  meeting,  but  written  communicatioris  on 
the  subject  are  invited  for  publication  with  it  in  Transactions. 


Papcis.]  HBKKATION   OF    AIR   IN    SIPHONS.  71 

regards  amount  of  negative  head,  temperature  of  water,  amount 
of  dissolved  gases,  and  quantity  of  water  passed,  with  the  object 
of  framing  a  formula  which  would  take  into  due  account  each  of 
these  factors;  yet  the  following  results  of  the  only  experiment 
effected  may,  in  view  of  the  entire  lack  of  data  on  the  subject,  be 
of  some  little  service. 

12-in.  Siphon  Over  the  Amalinda  Emhankment, 

Air  vessel  charged  February  12th.  1906,  level  of 

water  inside =  419.50 

Air  vessel  empty  March  22d,  1906,  level  of  water 

inside =  415.50 

Capacity  of  air  vessel =  650  gal. 

Quantity  of  water  supplied  during  above  i^eriod 

of  39  days,  .39  X  359  000,  approximately.  . .  =   14  000  000  gal. 
Level  of  water  in  reservoir,  February  12th,  1906  =  404.50 

Level  of  water  in  reservoir,  March  22d,  1906. . .  =  409.50 

Mean  level  of  water  in  reservoir,  during  period 

of  39  days =  407.00 

Mean  level  of  water  in  air  vessel  during  period 

of  39  days ^  417.50 

Quantity  of  air  liberated  within  air  vessel  during 

period  of  39  days,  reduced  to  atmospheric 

650r34— (415.50  — 409.50)1  ^„,      , 

pressure, ^ — -j ....   =  oc5  gal. 

Air  liberated,  in  percentage  of  water  supplied, 
lQQx"o  X  535 

14  000  000 =  ^m^bA, 

Under  a  mean  vacuum  of  417.50  —  407.00 =  10.5  ft. 

This  experiment  indicates  that  water  containing  the  quantity  of 
dissolved  gases  ordinarily  found  in  impounding  reservoirs  in  South 
Africa,  in  latitude  33°,  under  a  mean  temperature  of  about  70° 
fahr.,  that  is,  some  4%  by  volume,  when  passed  at  the  rate  of  about 
360  000  gal.  per  day,  through  a  12-in.  siphon,  under  a  negative  head 
of  10  ft.  6  in.,  liberates,  approximately,  0.00004  of  its  bulk  of  air, 
at  atmospheric  pressure. 
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KECENT  PRACTICE  IN  HYDRAULIC-FILL  DAM 
CONSTRUCTION. 

Discussion.* 


By  Messrs.  William  L.  Butcher  and.  T.  G.  Dabney. 


Mr.  Butcher.         WiLLiAM  L.  BuTCHER,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter). 

One  point  brought  out  by  Mr.  Herschel,  although  having  no  par- 
ticular bearing  on  the  matter  of  hydraulic-fill  dams,  seems  to  de- 
mand some  comment.  Speaking  of  the  fallacy  of  supposing  that 
filaments  of  water  move  in  straight  lines,  he  says : 

"To  this  day  the  outlet  gates  of  reservoirs  for  a  domestic  supply 
of  water  are  placed  at  several  elevations  for  the  alleged  purpose  of 
enabling  different  'layers'  of  the  contained  water  to  be  drawn, 
whereas  everyone  knows,  or  by  reflection  may  know,  that  water  is 
as  likely  to  reach  such  an  outlet  from  above,  or  from  below,  or  from 
any  direction  bounded  by  a  hernisphere  within  the  reservoir.   *  *  *" 

Inasmuch  as  practically  every  reservoir  of  any  considerable  size 
has  the  above-mentioned  feature  incorporated  in  its  design,  the 
(}uestion  of  its  utility  is  a  matter  of  some  moment.  While  Mr. 
Herschel's  contention  would  doubtless  be  true  if  the  water  in  an 
open  basin  were  of  uniform  density  throughout  its  mass,  there  is 
an  abundance  of  experimental  data  to  prove  that  such  is  not  the 
case. 

The  temperature  changes  with  the  depth  and  the  season,  thus 

*  This  discussion  (of  the  paper  by  James  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  October,  1906) ,  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 
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producing  a  varying-  density  which  gives  rise,  in  deep  ponds,  in  the  Mr.  Butcher, 
more  northern  latitudes,  to  the  well-known  phenomena  of  the  spring 
and  fall  overturn,  during  which  the  water  from  the  bottom  is 
brought  to  the  surface,  and  vice  versa.  Furthermore,  chemical  ana- 
lyses show  that  during  seasons  of  more  or  less  uniform  temperature, 
the  water  becomes  stratified,  the  organic  matter  in  the  bottom  "lay- 
ers" rapidly  exhausting  the  oxygen  in  the  water  and  producing  foul 
<;onditions  which  remain  until  a  change  in  season  and  temperature 
causes  vertical  circulation. 

Of  course,  the  wind  is  a  disturbing  factor  to  ideal  stratifica- 
tion, but  an  examination  of  the  weekly  temperatures  of  a  number 
of  reservoirs  indicates  that  even  where  the  maximum  depth  is  not 
more  than  20  ft.,  the  water  of  least  density  is  on  top  for  a  large 
proportion  of  the  time.  Therefore,  there  is  apparently  a  very  prac- 
tical reason  for  designing  outlet  gates  so  that  the  water  may  be 
drawn  from  any  desired  level;  and,  under  normal  conditions,  water 
would  be  drawn  from  that  level  and  no  other. 

T.  G.  Dabney,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has  Mr.  Dabney. 
read  this  paper  and  Mr.  Herschel's  discussion  with  much  interest. 

In  his  observations  concerning  the  design  of  the  great  Gatun 
Dam  as  projected,  Mr.  Herschel,  to  the  writer's  apprehension,  ap- 
pears to  have  fallen  into  a  fallacy  in  endeavoring  to  point  out  what 
he  regards  as  a  fallacious  idea  in  the  minds  of  the  designers  of  the 
dam. 

Mr.  Herschel  objects  to  the  extension  of  the  base  of  the  Gatun 
Dam  A  mile  down  stream,  and  insists  that  the  base  width  should 
be  limited  to  the  proportions  adopted  in  common  practice  for  reser- 
voir dams,  with  an  impervious  "core-wall"  extending  down  to  bed- 
rock beneath  the  dam  foundation. 

It  is  not  the  writer's  purpose  to  undertake  to  justify  the  design 
of  the  Gatun  Dam  as  a  whole,  not  being  in  a  position  to  pronounce 
upon  it  intelligently;  but  the  particular  objection  made  by  Mr. 
Herschel  appears  to  be  based  upon  an  erroneous  conception  on  his 
part.  Apparently  he  has  neglected  consideration  of  the  particular 
conditions  that  controlled  in  the  adoption  of  the  plan  proposed, 
namely,  the  presence  of  a  mass  of  more  or  less  permeable  material — 
clay,  sand  and  gravel^upon  which  the  dam  must  rest,  which  is  rep- 
resented as  of  such  great  depth  as  to  forbid  the  introduction  of  the 
usual  "core-wall"  down  to  bed-rock. 

It  is  certain,  then,  that  under  a  head  of  85  ft.  a  considerable 
volume  of  water  must  be  forced  through  the  permeable  medium  un- 
derlying the  dam,  to  control  which  the  extension  of  base  was  de- 
signed. It  is  difficult  to  understand  upon  what  ground  Mr.  Herschel 
assumes  that  this  extension  of  base  was  adopted  on  the  theory  that 
the  underground  water  would  move  only  "in  a  direction  parallel  to 
the  surface  of  the  down-stream  slope  of  the  dam  which  has  been  de- 
scribed, or  in  a  nearly  horizontal  direction." 
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Mr.  Dabney.  On  the  contrary,  the  very  means  designed  to  control  the  flow, 
namely,  placing  a  great  mass  of  earth  over  a  wide  space  behind  the 
dam,  is  obviously  intended  to  combat  the  tendency  of  the  water  to 
escape  in  a  vertical  direction,  and  in  full  recognition  of  the  rather 
elementary  argument  that  water  must  flow  along  lines  of  least  re- 
sistance. 

The  underground  water  when  forced  under  hydrostatic  pressure 
through  the  medium  beneath  the  dam,  must  meet  with  a  cumulative 
resistance  to  its  horizontal  movement  as  it  proceeds  further  from 
the  source  of  pressure;  and,  if  prevented  from  escaping  upward  by 
a  resistant  body  of  earth,  must  reach  a  point  at  such  a  distance 
from  the  source  of  pressure  that  resistance  to  its  further  passage 
will  counterbalance  the  velocity  head,  where  further  movement 
must  cease ;  which  point,  in  theory,  should  mark  the  limit  of  exten- 
sion of  the  base  of  the  dam. 

The  upward  pressure  must  be  greatest  in  the  region  next  behind 
the  axis  of  the  dam,  and  here  the  superposed  earth  is  thickest.  Pro- 
ceeding away  from  the  central  axis,  both  the  hydrostatic  pressure 
and  the  thickness  of  the  opposing  earth  prism  are  proportionately 
diminishing,  until  a  common  point  is  reached  where,  theoretically, 
both  these  factors  become  zero.  Under  these  conditions,  there  can 
be  no  flow  of  water  "parallel  to  the  down-stream  slope  of  the  dam," 
nor  horizontally,  nor  otherwise,  but  all  movement  must  cease,  and 
the  body  of  underground  water  must  become  stationary,  or  have  so 
little  energy  of  motion  as  to  become  negligible  for  practical  pur- 
poses. 

The  attainment  of  this  condition  seems  to  have  been  contem- 
plated in  the  design  of  the  dam,  and  whether  the  requirements  out- 
lined above  have  been  fully  met  by  the  plan  proposed  is  the  only 
question  involved,  in  so  far  as  the  sufficiency  of  the  dam  alone  is  to 
be  considered. 

In  the  writer's  experience  as  a  levee  engineer  on  the  Lower 
Mississippi  Eiver,  it  has  been  found  expedient,  as  well  as  much 
cheaper,  and  quite  effective,  to  cover  treacherous  areas  behind  levees 
with  water  instead  of  earth. 

The  Mississippi  River  levees,  in  many  localities,  are  under- 
laid by  thick  sand  strata,  of  very  permeable  character,  which  are 
iisually  overlaid  by  several  feet  of  tenacious  clay,  locally  called 
"buckshot."  These  sand  beds  become  fully  water  laden  during  flood 
stages  of  the  river,  and,  not  infrequently  at  such  times,  it  happens 
that,  under  hydrostatic  pressure,  formidable  eruptions  occur  behind 
the  levees,  in  the  form  of  dangerous  "boils"  or  fountains,  with 
alarming  displacement  of  sub-surface  material,  culminating  in 
some  cases  in  a  "blow  out,"  and  collapse  of  the  levee. 

The  usual  mode  of  combating  this  danger  during  floods  is  by 
building    temporary    "cisterns"    or    pools,    with    earth-filled    sacks. 
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around  the  erupting  crater,  ponding  the  water  over  the  orifice  to  a  Mr.  Dabney. 
depth  of  several  feet.     By  this  device  the  velocity  head  is  reduced, 
and,  at  the  same  time,  the  dead  "water  cushion"  over  the  "boil" 
stops  the   displacement   of  solid  matter  below  the   surface   of  the 
ground. 

The  writer  has  invoked  this  principle  quite  generally,  by  build- 
ing permanent  "sub-levees,"  around  such  treacherous  expanses,  and 
in  cases  where  the  inclosed  basins  embrace  several  acres,  the  pro- 
cess of  filling  them  with  water  when  under  flood  pressure,  is  has- 
tened by  the  use  of  siphons  placed  over  the  levee.  In  one  such  case 
a  wide  channel  is  traversed  by  a  large  levee,  the  Hushpuckena 
Bayou,  which  at  that  point  is  1  000  ft.  wide.  The  flood  head  of  some 
30  ft.  of  water  is  distributed  between  the  main  levee  and  two  sub- 
levees  in  series,  the  latter  located  across  the  channel  about  400  and 
1  500  ft.,  respectively,  below  the  main  levee,  narrow  channel  widths 
being  selected  for  these  locations. 

By  this  means  the  alarming  symptoms  of  foundation  insta- 
bility are  completely  controlled,  and  the  situation  is  rendered  se- 
cure; and  in  all  similar  cases  the  results  have  been  entirely  satis- 
factory. 

The  sub-levees  are  provided  with  suitable  spillways,  and  also 
with  sub-drains  to  empty  the  basins  after  the  floods  subside. 

The  suggestion  presents  itself  that  the  same  principle  might 
perhaps  be  invoked  profitably,  under  favoring  conditions,  to  afford 
security  to  doubtful  foundations  of  reservoir  dams;  such  favoring 
conditions  being  facilities  for  covering  the  eruptive  area  below  the 
dam,  in  either  the  bottom  or  banks  of  the  channel,  with  any  re- 
quired depth  of  water  and  to  any  desirable  or  necessary  distance 
below  the  main  structure,  either  in  a  single  pool,  or  a  series  with 
diminishing  depths  and  surface  elevations,  each  separate  structure 
being  proportioned  to  resist  only  the  head  it  has  to  carry,  with  a 
considerable  factor  of  safety. 

Whether  or  not  this  principle  can  be  applied  to  other  situations, 
the  writer  has  found  it  indispensable  for  the  security  of  his  own 
levee  lines,  where  instability  of  foundations  cannot  be  corrected  by 
other  means. 
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ADDITIONAL  INFORMATION 
ON  THE  DURABILITY  OF  WOODEN  STAVE  PIPE. 

Discussion.* 


By  Messrs.  Andrew  Swickard^  A.  M.  Hunt,  L.  J.  Le  Conte  and 
T.  Chalkley  Hatton. 


Mr.  swickard.  Andrew  Swickard,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — ^If 
this  paper  brings  out  a  thorough  discussion  of  the  durability  of 
wooden  pipe,  as  affected  by  general  and  local  conditions,  the  pro- 
fession will  have  been  benefited.  It  is  to  be  hoped  that  the  dis- 
cussions will  be  more  than  mere  statements  of  the  condition  of 
the  materials  of  which  any  particular  pipe  is  constructed.  Such 
statements  are  well  enough  as  far  as  they  go,  but  the  writer  believes 
them  to  be  comparatively  without  value  unless  the  circumstances 
and  conditions,  both  general  and  local,  which  have  brought  about 
or  influenced  the  deterioration  of  the  pipe,  are  considered  in  con- 
nection with  them.  This  is  true  of  any  kind  of  pipe — cast-iron, 
riveted  steel,  or  wood.  It  is  well  known  that  iron  pipe  gives  good 
service  under  some  local  conditions  and  exceedingly  poor  service 
under  others.  That  this  is  also  true  of  wooden  pipe  is  shown  by 
the  fact  that  the  durability  of  the  many  pipe  lines  which  have 
been  installed  is  not  dependent  upon  the  number  of  years  they 
have  been  in  use.  Different  lines  built  of  the  same  kind  of  wood, 
but  in  widely  separated  localities,  vary  greatly  in  length  of  life, 
as  do  different  parts  of  the  same  pipe  line.  There  are  always 
reasons  for  these  differences,  and  a  knowledge  of  such  reasons  is 
what  is  most  desired  by  the  profession.  The  fact  that  the  con- 
*  Continued  from  December,  1906,  Proceedings. 
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dition   of  the   Astoria   wooden   pipe   line  does   not   compare   at   all  Mr.  Swickard. 
favorably  with  that  of  many  others,  which  are  much  older,  suggests 
that   there   must   be   local   causes   which   have  brought   about    this 
comparatively  rapid  deterioration. 

The  author  has  made  no  effort  whatever  to  account  for  the 
rapid  deterioration  of  the  parts  of  this  pipe  which  have  had  to  be 
renewed,  notwithstanding  the  fact  that  he  must  know  there  are 
many  wooden  pipe  lines,  which  are  much  older,  and  are  in  excellent 
condition;  and  that  the  reasons  for  the  rapid  deterioration  of  this 
pipe  are  what  the  profession  most  desires.  The  mere  fact  that 
any  engineering  structure  has  failed  is  of  no  value  to  an  engi- 
neer unless  he  knows  why  it  failed.  No  one  is  in  a  better  position 
than  the  author  to  give  the  facts  in  this  case. 

There  are  but  two  conditions  under  which  wood  is  absolutely 
decay  proof:  Absolute  dryness,  and  constant  submersion  in  wa- 
ter. The  staves  of  a  wooden  pipe  full  of  water  are  never  in  the 
former  condition,  and  can  only  approximate  the  latter.  As  regards 
the  degree  of  saturation,  the  staves  in  a  pipe,  therefore,  are  at 
some  stage  between  the  two  extremes,  and,  as  a  consequence,  are 
more  or  less  subject  to  decay,  depending  upon  the  amount  of  mois- 
ture in  the  outer  portion,  which  in  turn  is  dependent  upon  the 
pressure. 

If  the  moisture  condition  of  the  staves,  alone,  controlled  the 
ravages  of  decay,  then  stave  pipe  built  of  wood  of  any  particular 
kind  or  quality  would  last  as  long  in  one  locality  as  in  another, 
the  pressure  being  the  same.  This  is  not  true,  and  leads  to  the 
inevitable  conclusion  that  there  are  other  causes  entering  into  the 
determination  of  the  life  of  wooden  pipe.  These  causes  are  almost 
entirely  local,  and  generally  cannot  be  controlled,  but  could  probably 
be  avoided  or  rendered  less  effective  if  known  and  understood. 
If  local  causes  cannot  be  avoided,  decay  can  be  arrested  somewhat 
by  rendering  the  moisture  condition  of  the  staves  less  favorable  by 
increasing  the  pressure.  For  example,  had  the  Astoria  pipe  been 
located  so  that  the  portions  which  have  had  to  be  renewed  (which 
are  under  a  very  low  head)  had  been  under  a  pressure  equal  at 
least  to  the  "moderate"  pressure  referred  to  by  the  author,  then 
the  life  of  this  entire  pipe  line  would  have  been  as  long  as  that 
of  Sections  2  and  3,  or  about  20  years.  It  is  to  be  regretted  that 
the  author  has  not  mentioned  definitely  what  this  "moderate" 
head  is,  above  which  the  water  pressure  had  little  or  no  influence 
in  preserving  the  wood.  The  only  condition  affecting  the  ravages 
of  decay,  that  can  be  controlled  at  all  directly,  is  the  moisture  con- 
dition, and,  if  this  has  little  or  no  effect  above  a  certain  "moderate" 
head,  it  is  desirable  to  know  what  this  head  is. 

Decay  is  a  vegetable  growth,  the  branching  threads  of  which 
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Mr.  Swickard-  gradually  spread  themselves  in  all  directions  in  the  wood,  convert- 
ing the  cell  walls  and  the  contents  of  the  cells  into  food  for  their 
consumption.  In  order  to  thrive,  this  vegetable  growth  must  have, 
among  other  things,  some  moisture.  Air-dried  wood  does  not  con- 
tain sufficient  moisture,  and  wood  constantly  submerged  in  water 
contains  too  much.  Somewhere  between  these  two  the  most  favor- 
able conditions  will  be  found.  Heat,  to  some  degree  (from  60  to 
100°  fahr.  is  most  preferable),  is  necessary  for  a  prolific  growth  of 
decay;  too  great  a  degree  of  heat  will  kill  it,  but  intense  cold  will 
only  arrest  it.  If  the  moisture  and  heat  conditions  are  favorable, 
and  there  is  an  abundance  of  decaying  wood  scattered  about  to 
furnish  the  decay  spores  or  seeds,  new  wood  can  be  expected  to  be- 
gin to  decay  very  soon  and  very  rapidly.* 

The  Astoria  pipe  line  is  located  for  the  most  part  in  a  dense 
forest  of  Oregon  fir  and  hemlock.  This  region  has  an  enormous 
rainfall  which  is  distributed  over  a  great  part  of  the  year.  Through- 
out the  forests  of  the  Northwest  there  is  much  fallen  timber,  which 
is  found  in  all  stages  of  decay.  The  rainfall  furnishes  a  favorable 
moisture  condition,  and,  taken  in  connection  with  a  moderate  and 
even  temperature,  the  fir  logs  decay  rapidly,  and,  as  a  consequence, 
decaying  wood  is  found  all  about.  New  wood  in  such  a  locality 
will  show  evidences  of  the  deposit  of  decay  spores  within  a  very 
few  days,  if  sought  in  the  proper  way.  It  is  not  to  be  understood 
that  the  new  wood  will  show  evidences  of  decay,  but  that  the  decay 
seeds  have  been  deposited  in  the  wood  and  are  ready  to  grow.  Fa- 
vorable conditions,  then,  are  all  that  is  necessary,  and  the  decay 
fungus  will  take  root  and  thrive. 

The  arrowheads  on  the  author's  profile  (Fig.  1)  indicate  that 
the  repairs  were  confined  to  those  portions  of  the  pipe  which  were 
subjected  to  low  pressure,  and  where  the  moisture  condition  for 
decay  growth  was  most  favorable.  These  parts  are  where  it  would 
be  expected  that  decay  would  be  most  rapid.  That,  at  these  points, 
the  pipe  lasted  for  10  years  indicates  that  the  low  pressures  pre- 
vailing produced  moisture  conditions  which  were  not  the  most 
favorable  for  decay.  Fir  wood  decays  very  rapidly,  and  pieces  of 
timber  similar  in  form  to  the  staves  used  would  decay  beyond 
any  possible  use  in  2  or  3  years,  if  left  subject  to  the  natural 
conditions  that  prevail  in  that  region. 

The  writer  is  not  willing  to  accept  the  author's  statement  that 
"water  pressure,  beyond  a  moderate  head,  has  had  little  or  no  in- 
fluence in  preserving  the  timber."  This  is  contrary  to  reason,  and 
very  probably  the  facts  in  this  case,  if  carefully  ascertained,  would 
not  bear  out  the  statement.  The  quotation  of  Mr.  Bergsvik,  as  to 
the  future  of  the  pipe,  is  relevant.  Sections  2  and  3  will  last  10 
years  longer,   and  it  is  very  probable  that   the  repairs   mentioned 
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as  necessary  3  or  4  years  hence  will  be  confined  mostly  to  Section  3,  Mr.  Swickard. 
which  is  under  a  lower  pressure  than  Section  2.    It  is  to  be  regretted 
that  the  author  has   not  gone   into  more  detail  in  these  matters, 
which  are  really  the   most  important. 

There  are  other  local  conditions  which  very  probably  have 
exerted  an  influence  in  the  deterioration  of  this  pipe  line.  All  the 
different  kinds  of  wood  available  for  pipe  work  have  not  the 
same  characteristics  that  affect  their  durability.  The  wood  from 
trees  of  the  same  species  always  varies  in  durability  with  localities 
and  consequent  changes  in  climatic  conditions;  even  wood  from 
different  parts  of  the  same  tree  varies.  The  most  favorable  con- 
ditions as  to  soil,  moisture,  light  and  heat,  produce,  in  hard  woods, 
the  greatest  degree  of  durability,  but  have  the  opposite  effect  in 
coniferous  woods.  The  Astoria  pipe  line  was  built  of  Douglas 
spruce  or  Oregon  fir,  which  are  coniferous  woods  growing  in 
the  region  about  the  Columbia  River  under  most  favorable  cir- 
cumstances. As  a  consequence,  the  fir  lumber  from  this  region  - 
would  be  expected  to  be  less  durable  than  that  grown  farther 
north,   where  the   climate   is   more   rigorous. 

The  author  makes  no  mention  of  the  fact  that  at  least  some 
of  the  most  badly  decayed  portions  of  this  pipe  were  at  points 
where  roots  had  grown  down  and  entwined  themselves  about  the 
surface  of  the  staves.  Brush  or  shrubbery,  which  grows  rapidly 
and  requires  an  abundance  of  water,  will  cause  much  annoyance 
along  a  wooden  pipe  line.  About  3^  years  ago  about  i  mile  of 
24-in.  wooden  pipe  was  laid  in  Long  Beach,  in  Southern  California, 
a  portion  being  in  ground  overgrown  by  willows  (willow  grows 
very  rapidly  and  requires  much  water).  Roots  from  these  willows 
have  covered  the  surface  of  the  pipe,  and  the  staves  are  deteriorat- 
ing rapidly.  The  other  portion  of  the  pipe  is  in  perfect  condition. 
This  mile  of  pipe  was  laid  as  an  extension  to  about  11 000  ft. 
of  pipe  built  in  1900.  In  making  the  connection  between  the  old 
and  the  new  portions,  it  Avas  necessary  to  take  apart  about  200  ft. 
of  the  old  pipe  in  order  to  lower  the  grade,  and  the  staves  of  the 
older  portion  were  so  perfect  that  they  were  all  .rebuilt  into  the 
pipe.  The  decay  of  a  portion  of  this  line  is  caused  by  a  purely 
local  condition.  To  cite  this  case  as  a  criterion  of  the  life  of  wood- 
en pipe,  without  some  explanation  of  the  prevailing  conditions, 
would  be  unfair.     The  same  remark  will  apply  to  the  Astoria  pipe. 

The  redwood  pipe  which  the  author  refers  to  as  being  in  no  bet- 
ter condition  than  the  Astoria  pipe  is  very  probably  the  30-in. 
pipe  built  for  the  West  Los  Angeles  Water  Company  in  1896  and 
1897 — the  plant  of  the  West  Los  Angeles  Company  has  been  trans- 
ferred to  the  City  of  Los  Angeles.  One  of  the  main  troubles  with 
a  considerable  portion  of  this  pipe  line  is  that  it  passes  throvigh 
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Mr.  Swickard.  ground  Overgrown  with  willow  brush ;  and  where  the  roots  en- 
twined themselves  about  the  pipe  there  was  a  rapid  deterioration 
of  the  staves.  The  roots  seem  to  reduce  the  wood  to  a  condition 
different  from  that  produced  by  ordinary  decay.  Causes  of  de- 
terioration of  this  character  -are  local,  and,  usually,  can  be  avoided. 
Since  1898  this  pipe  has  been  full  of  water  with  the  exception  of 
8  or  10  days  each  year  during  the  past  3  years.  Repairs  were  made 
during  these  8  or  10-day  periods,  and  certainly  the  time  indicates 
that  they  were  not   extensive. 

The  importance  of  keeping  a  wooden  pipe  full  of  water  at  all 
times  cannot  be  over-estimated.  If  a  pipe  is  but  partly  full  of 
water,  even  for  a  few  months,  decay,  which  otherwise  might  not 
have  started,  will  begin.  Wood  once  attacked  by  decay  is  pre- 
disposed to  further  deterioration,  even  if  measures  are  adopted  to 
render  the  conditions  less  favorable.  The  winter  of  1897-98  in 
California  was  exceedingly  dry,  and  the  West  Los  Angeles  Water 
Company  did  not  have  sufficient  water  to  keep  the  30-in.  pipe,  be- 
fore referred  to,  filled.  During  the  summer  of  1898,  it  was  found 
that  decay  had  started  at  some  points,  and  the  company  was  put 
to  considerable  expense  trying  to  keep  the  pipe  full  of  water.  The 
decay  was  of  a  kind  that  destroyed  the  staves  very  rapidly.  In  a 
comparatively  short  time  in  a  few  places  the  staves  were  rotted 
nearly  through.  This  rapid  decay  was  the  more  remarkable  be- 
cause redwood  has  greater  durability  than  any  other  wood  avail- 
able for  pipe  work  on  the  Pacific  Coast. 

The  Southern  California  Mountain  Water  Company,  at  San 
Diego,  had  a  similar  experience  with  a  line  of  36-in.  pipe,  due  to 
the  pipe,  or  portions  of  it,  being  only  partly  full  of  water  during 
an  exceedingly  dry  and  hot  summer.  The  writer  saw  samples 
of  staves,  taken  from  this  pipe,  which  had  the  appearance 
of  wood  subjected  to  high  heat  in  the  presence  of  a  limited  quan- 
tity of  oxygen.  The  company  recognized  the  fact  that  its  troubles 
were  due  to  avoidable  causes,  and  has  repaired  this  pipe.  About 
10  miles  of  36  and  24-in.  pipe  have  since  been  built  as  an  extension 
of  this  line,  and  the  company  is  planning  to  make  another  large 
installation   of   redwood   pipe. 

In  1890  the  City  of  Cheyenne,  Wyo.,  built  about  9  000  ft.  of  pipe, 
using  Oregon  fir  staves.  The  upper  part  of  this  pipe  was  never 
full  of  water,  and,  as  a  result,  the  top  staves  decayed  rapidly,  and 
a  portion  of  the  line — about  4  000  ft. — was  replaced  with  sewer  pipe. 
The  remaining  portion  of  the  wooden  pipe  is  not  kept  full  of  water 
all  the  time,  bvit  is  still  in  operation;  it  is  in  an  unsatisfactory 
condition.  This  is  an  instance  where  wooden  pipe  should  not  have 
been  used. 

A   decaying  fence   post   will  show   most  evidence   of   rot   at   or 
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jnst   below   the   surface   of    the   ground,    with    a   gradual   decrease  Mr.  swiokani. 
downward,    while    it   will   be    absolutely   sound    above    the   ground. 
This  may  also  be  expected  to  be  true  in  the  case  of  wooden  pipe, 
where  it  is  built  with  portions  above  and  under  the  ground. 

All  forms  of  construction  which  remove  a  portion  of  a  stave 
from  immediate  contact  with  the  water  should  be  avoided.  In 
making  junctions  between  wooden  and  iron  pipe,  the  method  of 
putting  the  iron  inside  of  the  wood  should  be  avoided.  The  10  or 
12  in.  of  stave-lap  on  the  oixtside  of  the  iron  pipe  is  almost  sure 
to  give  trouble  in  a  comparatively  short  time.  It  is  best  to  make 
a  special  iron  hub  to  receive  the  end  of  the  wooden  pipe,  and  caulk 
the  joint  with  oakum  and  lead  in  a  manner  similar  to  that  used  in 
making  joints  in  east-iron  pipe. 

Wlien,  for  any  reason,  decay  attacks  a  pipe  which  is  subjected 
to  considerable  pressure,  there  does  not  seem  to  be  any  reason  why 
staves  at  the  bottom  of  the  pipe  should  not  decay,  as  well  as  those 
at  the  top.  If  the  head  on  the  center  of  the  pipe  is  so  slight  that 
the  difference  of  pressure  between  the  top  and  bottom  is  compara- 
tively large,  one  would  naturally  expect  decay  to  take  place  in  the 
upper  staves  first  and  gradually  extend  to  the  lower  ones.  That 
sound  staves  are  found  contiguous  to  decayed  ones  is  due  to  the 
difference  in  the  durability  of  the  wood  of  different  trees  of  the 
same  species,  and  also  to  the  difference  in  the  durability  of  staves 
cut  from  the  same  tree.  Staves  taken  from  the  butt  cut  of  a 
coniferous  tree  are  always  more  durable  than  those  taken  from 
the  upper  cuts.  It  is  not  practicable  to  obtain  lumber  cut  from  the 
butts  of  trees  only,  except  in  limited  quantities  and  at  considerable 
extra  expense. 

If  the  Astoria  pipe  line  was  the  only  wooden  pipe  line  that 
had  ever  been  built,  or  the  oldest,  it  would  naturally  be  taken  as 
a  criterion  of  the  life  of  this  class  of  water  conduit.  There  are 
many  pipe  lines,  which  were  built  a  good  many  years  before  the 
Astoria  line,  which  are  in  good  condition  to-day.  The  first  wooden 
pipe  built  strictly  in  accordance  with  modern  construction  was 
installed  by  the  Denver  Water  Company.  Some  of  its  oldest  pipe 
was  installed  about  25  years  ago.  This  company  is  undoubtedly 
satisfied  with  its  experience,  for,  at  the  present  tim.e,  it  has  under 
consideration  the  installation  of  about  12  miles  of  large-sized  wood- 
en pipe.  This  will  probably  be  built  in  1907.  It  is  fair  to  presume 
that  the  numerous  installations  made  in  recent  years  at  points  not 
far  distant  from  Denver,  and  also  the  projects  now  under  consid- 
eration in  that  region,  which  include  the  extensive  use  of  wood 
pipe,  are  due  directly  to  the  fact  that  the  early  installations  have 
proven  highly  satisfactory.  To  select  one  of  the  oldest  wooden 
pipe  lines,  which  has  proven  satisfactory,  as  an  example  of  what 
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Mr.  Swickard.  might  be  expected  from  such  pipe  in  any  locality,  without  reference 
to  the  conditions  that  made  a  long  life  possible,  would  be  manifest- 
ly unfair;  to  go  to  the  other  extreme,  would  deserve  the  same 
criticism. 

The  author  neglected  to  mention  that  the  Astoria  Water  Com- 
mission installed  500  ft.  of  redwood  stave  pipe  in  connection  with 
the  water  system.  This  was  built  in  1900.  Where  the  old  pipe 
has  been  rebuilt,  redwood  staves  have  been  used.  It  would  be 
interesting  to  know  whether  the  present  condition  of  the  500  ft. 
of  redwood  pipe,  compared  with  that  of  the  fir  pipe  when  it  was 
of  the  same  age,  influenced  the  Commission  to  use  the  redwood 
staves.  Redwood  railroad  ties  last  more  than  twice  as  long  as 
fir  ties,  as  far  as  decay  is  concerned,  and  it  is  probable  that  this 
same  ratio  of  durability  would  exist  in  all  cases  of  similar  condi- 
tions and  circumstances.  It  seems  fair  to  presume  that,  had  red- 
wood been  used  instead  of  fir,  the  life  of  those  portions  of  the 
pipe  which  have  been  repaired  would  have  been  20  years  instead 
of  10,  and  that  the  life  of  the  remainder,  especially  those  portions 
under  a  moderately  high  pressure,  would  have  been  35  or  40  years. 

Since  preparing  the  foregoing,  the  writer  has  received  informa- 
tion, from  a  most  reliable  source,  to  the  effect  that  the  air- valves 
referred  to  and  indicated  on  the  profile  of  the  pipe  line  (Fig.  1), 
are  merely  check-valves.  These  check-valves  do  not  allow  the  en- 
trapped air  to  escape,  and  are  only  intended  to  let  air  into  the 
pipe — if  for  any  reason  (by  design  or  accident)  the  water  is 
suddenly  allowed  to  escape  at  a  lower  point — and  to  allow  the  air 
to  pass  out  when  the  pipe  is  being  filled. 

As  the  air-valves  represented  are  not  such  in  the  sense  that  they 
will  allow  the  air  to  escape  while  the  pipe  is  under  pressure,  it  is 
certain  that  air  accumulates  at  the  high  points  on  this  pipe  line. 
This  accumulation  of  air,  without  doubt,  has  had  the  effect  of 
producing  a  moisture  condition  in  the  staves  at  these  points,  which 
is  more  favorable  for  decay  growth  than  would  otherwise  have 
existed. 

It  will  be  noted  that,  while  most  of  the  repairs  are  indicated  as 
having  been  made  at  the  high  points  of  the  pipe,  none  (with  per- 
haps one  exception)  are  indicated  as  having  been  made  at  points 
where  stand-pipes  are  located.  This  is  a  significant  fact,  and 
seems  to  indicate  very  clearly  that  the  entrapping  of  air  at  the 
high  points  has  been  more  than  an  ordinary  factor  in  hastening 
the  decay  that  has  taken  place. 
Mr.  Hunt.  A.  M.  HuNT,  M.  Am.  Soc.  C.  E.  (by  letter). — Within  the  past 
year  the  writer  has  had  occasion  to  inspect  three  short  lines  of 
wooden  stave  pipe  installed  in  connection  with  power  plants  on  the 
Truckee  River,  in  California. 
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One  is  a  9-ft.  pipe,  about  1 800  ft.  long,  supplying  water  to  Mr.  Hunt, 
operate  a  paper  mill  at  Floriston,  Cal.  It  is  of  the  usual  con- 
struction, having  redwood  staves  about  31  in.  thick.  The  pipe  is 
mainly  above  the  surface  of  the  ground,  the  lower  half  of  its  cir- 
cumference being  bedded  with  earth  and  stone  spalls.  It  is  under 
a  pressure  varying  from  about  16  to  35  ft.  It  was  built  in  1898 
and  has  been  in  continiious  use  ever  since,  being  kept  full  of  water. 
It  shows  no  evidence  of  decay  of  staves  or  corrosion  of  bands. 

The  writer  had  occasion  to  bore  through  the  pipe,  to  make 
velocity  measurements,  more  than  a  year  ago,  and,  although  the 
outside  of  the  wood  was  dry,  on  getting  below  the  surface,  it  was 
found  to  be  moist. 

There  are  two  other  lines  of  6-ft.  pipe  just  below  this  line,  sup- 
plying water  to  the  wheels  of  the  Truckee  River  General  Electric 
Company.  These  lines  were  built  in  1899,  and  the  staves,  the  writer 
thinks,  are  of  Oregon  pine.  Up  to  the  present  time,  the  pipe  has 
shown  no  evidence  of  decay.  It  is  supported  in  the  same  manner 
as  the  pipe  first  mentioned,  the  upper  half  being  exposed.  The 
pressure  varies  from  6  to  65  ft. 

L.  J.  Le  Conte,  M.  Am.  See.  C.  E.  (by  letter). — The  profession  Mr.  LeConte. 
is  greatly  indebted  to  the  author  for  boldly  giving  the  results  of  his 
experience.      Such   cases   bring   out   most    important    facts,   which 
ought  to  be  known,  and  the  sooner  the  better. 

The  writer  has  not  had  much  direct  experience  with  pipes  of  this 
class,  but  has  always  held  the  opinion  that  they  are  good,  cheap  and 
durable,  and  entirely  suitable  for  light  pressures.  It  now  seems 
that  experience  along  the  entire  Pacific  Coast  goes  to  show  that  the 
life  of  wooden  stave  pipe,  when  buried  in  the  ground,  is  frequently 
only  from  10  to  11  years.  A  closer  observation  leads  to  the  con- 
clusion that  the  chief  danger,  as  far  as  known,  lies  in  loamy  soil, 
or  where  the  back-filling  contains  vegetable  mould.  Apparently,  it 
makes  no  difference  whether  the  ditch  is  deep  or  shallow,  the  pipe 
under  heavy  or  light  pressure,  or  whether  the  staves  are  of  pine  or 
redwood — the  results  seem  to  be  about  the  same. 

Nevertheless,  there  are  certain  places  along  the  same  pipe  line 
where  for  some  reason  the  pipe  is  apparently  all  right.  The  exact 
nature  of  these  conditions,  in  any  case,  and,  of  course,  their  full 
extent,  are  as  yet  largely  unknown.  It  remains  for  future  ex- 
perience to  bring  out  and  develop  the  facts  clearly.  The  writer 
learns,  from  good  authority,  that  the  supply-main  feeding  a  certain 
section  of  Los  Angeles  and  the  Soldiers'  Home  is  of  redwood  stave 
pipe  some  30  in.  in  diameter.  This  pipe  line  is  now  about  11 
years  old,  and  is  reported  to  have  practically  gone  to  pieces.  It  is 
entirely  proper,  however,  that  the  facts  in  this  interesting  case 
should  be  submitted  by  the  City  Engineer  of  Los  Angeles,  which 
no  doubt  he  will  do. 
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Mr.  Le  Conte.  The  Oakland  Water  Company  has  some  wooden  stave  pipe  lead- 
ing from  the  flowing  wells  at  Alvarado  to  the  sump  at  the  pumping 
station.  This  piece  of  pipe  is  laid  in  wet,  soggy  ground,  and  one 
would  naturally  suppose  it  would  be  all  right  in  such  soil.  It  ha& 
been  lying  there  for  about  11  years,  and  examination  shows  that 
it,  also,  has  all  but  gone  to  pieces. 

Wherever  this  pipe  is  laid  underground,  therefore,  there  will 
always  be  a  certain  doubt  as  to  its  probable  durability.  It  is  likely 
to  rot  out,  in  places,  in  11  years,  depending  upon  the  character  of 
the  soil  in  which  it  is  laid.  As  far  as  known,  vegetable  mould  is 
one  of  the  active  agents  which  seem  to  hasten  decay. 

In  view  of  the  raany  uncertainties  connected  with  the  probable 
life  of  such  pipe,  when  laid  underground,  it  would  seem  to  be  ad- 
visable, wherever  practicable,  to  lay  it  on  top  of  the  ground,  where 
it  is  known  to  have  good  lasting  qualities.  In  a  great  many  cases 
this  can  be  done  without  objection. 
Mr.  Hatton.  T.  Chalkley  Hatton,  M.  Am.  Soc.  C.  E.  (by  letter). — This  is 
a  very  important  subject  for  the  several  reasons  that  the  prices 
of  steel  and  cast-iron  pipe  have  advanced  to  such  a  point  that 
many  small  cities  and  towns  are  prevented  from  carrying  out  much 
needed  improvements  to  their  present  water  supplies;  and  also 
from  the  fact  that  the  demand  for  cast-iron  pipe  at  present  is  so 
great  that,  even  though  the  municipality  is  possessed  of  ample 
funds,  such  pipe  cannot  be  secured  in  any  great  quantity  in  less 
than  6  or  9  months.  The  costs  of  lead  and  labor  have  also  ad- 
vanced very  much  during  the  last  year,  and  thus  it  becomes  al- 
most mandatory  to  seek  some  material  to  take  the  place  of  iron 
and  steel. 

For  these  reasons  alone,  the  writer,  during  the  past  three  years,^ 
has  investigated  in  considerable  detail  the  merits  of  wood  pipe. 
This  investigation  has  covered  much  of  the  irrigation  work  in  the 
West  where  continuous  wooden  stave  pipe  has  been  used  for  many 
years,  and  several  of  the  municipal  and  industrial  plants  where 
both  continuous  and  machine-made  wooden  stave  pipe  have  been 
in  use  for  at  least  forty  years.  It  may  be  of  some  interest  to 
present  briefly  the  res\ilts  of  these  investigations. 

Continuous  wooden  stave  pipes,  where  bruised,  either  in  the 
handling  or  by  cinching  the  bands  too  tightly,  were  found  in  most 
instances  to  have  suffered  some  decay  where  the  pressure  was  mod- 
erate— less  than  50  lb.  This  was  also  found  to  be  the  case  where 
the  longitudinal  joints  were  wide  at  the  outer  surface  and  the 
contact  not  good,  or  at  the  end  joints,  which  were  not  in  close 
contact,  or  where  a  dry  crack  existed  in  the  end  of  the  stave  be- 
fore it  was  built  into  the  pipe.  The  cause  for  this  is  very  clear. 
Where   the   wood   fibers    do   not   have   natural    and    direct   contact 
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throughout,  and  recesses  are  left,  the  water  pressure  from  within  Mr.  Hatton. 
is  not  continuous,  and  perfect  saturation  does  not  result.  Thus 
lodgment  is  found  by  the  organisms  which  destroy  the  wood,  and 
its  decay  is  inevitable.  To  avoid  this,  the  writer  believes  that 
the  outer  surface  of  the  wood  should  be  thoroughly  coated  with 
some  protective  material  which  will  prevent  the  entrance  of  these 
organisms,  and  that  this  coating  should  be  applied  as  soon  as  the 
wood  comes  from  the  planer,  thus  preventing  the  organisms  from 
finding  a  home.  If  it  should  be  applied  after  the  wood  has  been 
■exposed  to  the  atmosphere,  these  organisms  will  work  just  as  well 
under  the  coating.  This  fact  is  apparent  to  anyone  who  has  close- 
ly observed  the  life  of  timber  under  various  conditions. 

These  investigations  did  not  disclose  any  facts  such  as  Mr. 
Adams  describes  in  his  Conclusions  5  and  6,  as  far  as  contact  with 
vegetable  matter  was  concerned.  In  many  places  where  the  pipes 
were  uncovered  the  material  in  contact  therewith  was  at  least 
60%  vegetable  matter,  and  no  evidence  of  decay  was  found,  al- 
though the  pipes  had  been  in  constant  use  from  8  to  14  years. 
It  was  found,  however,  that  where  the  top  of  the  pipe  was  only 
partly  covered,  or  had  but  a  few  inches  of  dry  earth  over  it,  a  dry 
rot  had  extended  to  a  depth  of  from  I  to  i  in.,  but  as  soon  as  the 
point  of  constant  saturation  was  reached,  the  wood  was  sound. 

The  greatest  defects  which  the  writer  found  in  the  continuous 
wooden  stave  pipe  were  in  the  end  joints  between  the  staves,  due  to 
the  saw  kerf  of  the  two  ends  not  being  exactly  in  position,  so  that, 
when  the  metal  tongue  was  inserted,  the  inner  or  outer  edge  of  one 
stave  was  a  little  higher  or  lower  than  that  of  its  neighbor.  Another 
marked  defect  was  in  the  durability  of  the  steel  bands.  These 
bands  are  from  i  to  f  in.  in  diameter,  are  bent  to  a  circular  form, 
coated  with  a  preservative  of  asphalttim  pitch  or  material  of  similar 
•character,  and  are  supposed  to  be  free  from  oxide  when  placed  on 
the  pipe.  As  a  matter  of  fact,  however,  the  writer  saw  delivered 
■upon  the  work  hundreds  of  these  bands,  which  had  been  exposed 
to  the  weather  for  sufficient  time  to  give  them  a  thick  coat  of 
rust.  In  this  condition  they  were  dipped  into  a  bath  of  the  pro- 
tecting material,  thus  covering  the  rust  but  not  stopping  its  de- 
teriorating effects  by  any  means.  In  many  instances  the  threads 
at  one  end  of  these  bands  were  badly  rusted,  not  having  been 
coated;  and  in  most  instances  it  would  have  been  dangerous  to 
move  the  nut,  as  stripping  would  have  doubtless  occurred. 

The  writer's  investigation  of  continuous  wooden  stave  pipe  led 
him  to  believe  that  there  were  too  many  uncertainties  in  its  manu- 
facture; that,  while  the  wood  would  undoubtedly  outlive  steel, 
and  perhaps  cast  iron  in  many  instances,  yet  its  construction  must 
be  necessarily  left  to  irresponsible,  partly  unskilled  workmen,  who 
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Mr.  Hatton.  in  many  instances  had  to  prosecute  their  work  under  the  most 
unfavorable  conditions.  For  these  reasons  he  turned  his  atten- 
tion to  a  study  of  machine-made  wood  stave  pipe. 

Here  he  found  a  wooden  pipe  being  made  of  the  same  kind  of  ma- 
terials as  the  continuous  wood  pipe,  all  made  and  banded  together 
by  automatic  machines  run  by  capable  workmen,  and  every  stave 
and  band,  and  the  coating  and  all  workmanship  entering  into  the 
construction,  open  to  inspection  under  the  most  favorable  conditions. 
The  inner  and  outer  surfaces  of  the  pipe  are  cut  to  fit  a  circle ;  the 
steel  bands,  of  either  continuous  band  steel  of  any  width  required 
by  the  pressure  to  which  it  was  to  be  subjected  and  of  about  No.  16 
gauge,  or  of  steel  or  copper  wire  of  any  gauge  demanded,  while 
bright  and  free  from  rust,  are  run  through  a  bath  of  warm  asphal- 
tum  pitch  and  then  wound  spirally  upon  the  pipe,  carrying  with 
it  a  heavy  coating  of  the  pitch,  thus  preventing  the  inner  surface 
of  the  band  from  coming  in  direct  contact  with  the  outer  surface 
of  the  staves.  Each  end  of  the  band  is  well  secured  by  a  double 
band  around  each  end  of  the  7  or  8-ft.  section,  the  length  in  which 
the  pipe  is  usually  made.  As  soon  as  the  banding  is  completed, 
the  section  of  pipe  is  run  over  two  rolls  moving  through  a  warm 
bath  of  the  asphaltum  pitch,  thus  coating  the  outside  surface 
of  the  wood  and  bands  with  a  full  protective  coating  of  from  i  to  f 
in.  in  thickness.  To  prevent  this  coating  from  running,  the  pipe 
is  immediately  rolled  in  saw-dust,  which  adheres  to  the  coating 
and  prevents  it  from  being  knocked  off  or  abraded  in  handling.  An 
extra  coating  can  be  readily  applied  to  each  section  by  repeating 
the  operation,  and,  in  all  instances  occurring  under  the  write r^s 
notice,  this  covered  the  bands  and  pipe  to  a  thickness  of  nearly 
^  in.  This  coating,  as  soon  as  cool,  becomes  very  tough,  and  can 
only  be  removed  by  a  chisel.  It  is  not  injured  in  shipping  and 
handling,  and  the  pipes  come  upon  the  work  in  as  good  condition 
as  when  they  leave  the  factory. 

These  machine-made  pipes,  as  made  in  the  West  by  the  Washing- 
ton Pipe  and  Foundry  Company,  are  provided  with  a  wood  stave 
coupling  about  8  in.  long,  which  fits  over  the  spigot  end,  said 
spigot  end  being  driven  into  it,  making  a  strong  and  water-tight 
joint.  The  machine-made  pipe,  as  made  by  the  Wyckoff  Companies, 
of  Elmira,  N.  Y.,  difi^ers  from  the  above  in  having  a  tenon,  4  in. 
in  length,  on  one  end  and  a  mortise  of  the  same  depth  on  the 
other  end.  The  latter  is  in  the  form  of  a  truncated  cone,  so  that 
when  driving  the  pipe  home  the  joint  becomes  tighter  the  further 
it  is  driven.  The  inner  and  outer  surfaces  of  the  pipe,  when  formed 
by  this  method,  are  continuous  throughout,  that  is,  there  are  no 
projections,  and  the  swelling  of  the  wood  when  saturated  by  the 
water  makes  the   joints  as  good   as  the  body  of  the  pipe.     These 
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pipes  can  be  made  of  any  diameter  from  6  to  60  in.,  to  withstand  Mr.  Hatton. 
any  pressure  up  to  300  lb.  per  sq.  in.,  according  to  the  banding, 
and  can  be  laid  by  unskilled  workmen  in  either  wet  or  dry  trenches. 

The  writer  is  now  laying  4  miles  of  24-in.  Wyckoff  pipe  in 
Southern  New  Jersey  to  carry  water  from  a  reservoir  to  the  Car- 
ney's Point  plant  of  the  E.  I.  DuPont  Powder  Company;  and 
800  lin.  ft.  of  this  pipe  have  been  laid  in  a  day,  much  of  it  in  from 
6  to  8  in.  of  water  in  the  bottom  of  the  trench.  The  jointing  of 
the  pipe  is  such  a  simple  matter  that  the  inspector,  standing  on  the 
surface  above  the  trench,  can  tell  at  a  glance  whether  it  has  been 
properly  done,  as  any  change  in  alignment  or  gradient  can  be 
detected  at  once  at  the  joint,  because  the  two  shoulders  of  the  ad- 
joining pipes  must  abut  all  around  when  properly  laid. 

Wlien  this  work  is  completed,  the  writer  hopes  to  present  to  the 
Society  the  results  of  experiments  as  to  flow,  costs,  etc.,  which  he 
is  going  to  make.  It  may  be  stated  now  that  the  contracts  let  for 
the  4  miles  of  supply  main  show  a  saving  of  $53  130  over  cast-iron 
or  steel  pipe  for  which  preliminary  bids  were  received. 

The  description  of  the  manufacture  of  machine-made  wooden 
stave  pipe  has  been  given  in  some  detail  because  the  writer  knows 
of  many  members  of  this  Society  who  have  never  had  it  brought 
to  their  attention  and  know  nothing  of  its  merits,  and  he  hopes 
his  investigations  may  help  them  to  revise  their  future  estimates, 
as  he  was  glad  to  be  able  to  do. 

In  investigating  the  durability  of  this  machine-made  pipe, 
the  writer  visited  a  number  of  places  where  it  had  been 
used  for  30  years  under  a  varying  presstire  of  from  50  to  200  lb. 
per  sq.  in.  Some  of  this  pipe  had  been  used  for  8  years  under  a 
direct  pumping  pressure  of  200  lb.  per  sq.  in.  Some  lengths  of 
pipe  were  shown  which  had  been  in  service  for  30  years  and  had 
been  taken  up  to  be  replaced  by  the  same  make  of  pipe  of  a  larger 
size.  The  wood  was  in  an  excellent  state  of  preservation;  the 
bands,  while  showing  slight  corrosion,  were  in  good  condition  to 
reinforce  the  pipe ;  the  ■  asphaltum  coating  showed  some  deteriora- 
tion on  the  outside,  but  that  on  the  under  side  was  in  a  good  state 
of  preservation.  The  pipe  had  been  laid  with  about  4J  ft.  of  cover- 
ing, the  soil  being  gravelly  clay  with  some  quicksand. 

The  writer  has  received  letters  from  the  officers  of  twenty-five 
municipalities,  water  companies  and  industrial  establishments  where 
this  pipe  has  been  in  use  from  5  to  46  years,  and  in  every  case  these 
oflScials  testify  to  the  durability  of  the  pipe.  In  no  case  was  an 
answer  to  his  inquiries  unfavorable,  or  indicating  that  the  pipe 
was   not   perfectly   satisfactory    in   every   way. 

Several  years  ago,  while  building  a  sewerage  system  in  Wilming- 
ton, Del.,  the  writer  dug  up   some  300  ft.   of  wooden  water  pipe. 
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Mr.  Hatton.  buried  some  8  ft.  underground.  This  pipe  was  made  of  bored 
logs  of  white  pine,  was  full  of  water  not  under  pressure,  and  was 
sound  throughout,  although  it  had  been  laid  prior  to  1837 — how 
long  before  that  was  not  known.  The  joints  were  made  by  a  tenon 
and  spigot,  and  were  in  excellent  condition.  The  logs  had  cracked 
in  every  case  in  two  concentric  rings  about  equidistant,  and  also 
at  right  angles  to  the  axis  at  several  points,  no  crack  extending 
through  the  body  of  the  pipe.  Every  -piTpe  was  in  this  condition. 
This  season,  while  making  some  improvements  to  the  streets  of 
Salisbury,  Md.,  some  old  corduroy  road  was  dug  up  on  the  main 
street.  The  logs  were  of  white  pine,  from  6  to  8  in.  in  diameter 
and  were  buried  approximately  12  in.  below  the  surface  of  the 
street,  which  was  surfaced  with  oyster  shells.  These  logs,  of 
which  there  were  a  great  many,  were  carefully  examined,  and  were 
found  to  be  in  perfectly  sound  condition  throughout. 

The  foregoing  illustrations  lead  the  writer  to  believe  that  wood- 
en stave  pipe  when  made  of  the  proper  material,  namely,  good  soft 
white  pine,  Douglas  fir,  cypress  or  even  red  cedar,  well  selected, 
and  free  from  dry  or  black  knots,  either  air-  or  kiln-  dried,  free 
from  cracks,  well  jointed  and  secured  with  steel  bands  protected 
from  corrosion,  will  last,  under  average  conditions,  as  long  as  cast- 
iron  pipe;  and  the  lasting  qualities  of  steel  are  not  in  the  same 
class. 

The  writer  further  believes  that  the  life  of  the  wood  can  be 
greatly  increased  by  giving  it  a  further  protective  coating  of 
asphaltum  pitch,  and  that  the  steel,  iron  or  copper  bands  should 
be  thoroughly  covered  with  the  same  material,  and  therefore  they 
should  be  of  flat  band-steel  or  wire.  He  also  believes  that  machine- 
made  pipes  are  more  durable,  as  they  can  be  inspected  more  care- 
fully during  manufacture,  built  by  more  skilled  workmen,  and  can 
better  be  covered  with  protecting  material.  "The  proof  of  the 
pudding  is  in  the  eating;"  proof  of  the  durability  of  wooden  stave 
pipe  is  obtainable  in  all  parts  of  the  United  States,  and  may  be 
secured  by  any  engineer  for  the   asking. 
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By  Messrs.  Edwin  H.  Warner,  H.  F.  Labelle,  F.   G.  Balm  and 
J.  D.  Galloway. 


Edwin  H.  Warner,  M.  Ajc.   Soc.  C.  E.    (by  letter). — Approxi-  Mr.Waruer. 
mately  ideal  conditions  exist  in  the  plant  designed  and  described 
by  the  authors — a  high  head,  moderate  length  of  penstock,  cheap 
storage,  and  a  market  well  within  the  limits  of  economical  trans- 
mission. 

The  ideal  of  a  practically  uniform  annual  flow,  doing  away  with 
seasonal  storage,  exists  in  but  one  plant  on  this  continent,!  except 
in  cases  of  very  moderate  heads. 

Table  1  shows  the  need  of  storage,  and,  since  this  need  exists, 
it  has  cheapness   to  recommend  it. 

The  authors'  prediction  of  excessive  floods  has  been  confirmed 
during  the  present  rainy  season ;  a  maximum  flow  of  5  280  cu.  ft. 
per  sec.  for  i  hour  occurred  on  August  13th ;  a  flow  of  3  720  cu.  ft. 
per  sec.  for  a  similar  length  of  time  was  observed  on  October  11th; 
the  flow  for  24  hours  on  each  of  these  days  approached  very  nearly 
the  authors'  maximum  of  3  000  cu.  ft.  per  sec.  The  conditions 
making  possible  these  extreme  floods  were  the  complete  saturation 
of  the  water-shed  by  4  days'  rain,  and  a  fall  of  6*  in.  during  the  24 
hours  prior  to  the  dates  mentioned. 

*  This  discussion  (of  the  paper  by  F.  S.  Pearson,  and  F".  O.  Blackwell,  Members,  Am. 
Soc.  C.  E.,  printed  in  Proceedinris  for  October,  1906),  is  printed  in  Proceedings  in  order 
that  the  views  expressed  may  be  brought  before  all  members  for  further  discussion. 

t  "  The  Hydraulic  Plant  of  the  Puget  Sound  Power  Company,'"  by  Kdwiii  H.  Warner. 
M.  Am.  Soc.  C.  E.,  Transactions,  Vol.  LV,  p.  228. 
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Mr.  Warner.   TABLE   1. — AVERAGE  PRECIPITATION   AT   NeCAXA^   1901   TO   1906,   BOTH 

Inclusive;  at  Carmen  for  1906;  and  Total  Precipitation  at 
Necaxa  for  Six  Years. 


Month. 

Necaxa. 

C&rmen. 

Month. 

Necaxa. 

carmen. 

Year. 

Necaxa. 

January.. 

2.66  in. 

0.24  in. 

July 

21.81  in. 

4.06  in. 

190] 

117  in. 

February. 

1.87    •' 

2.6b    '■ 

August 

15.20    '' 

13.54    •' 

1902 

83   " 

March 

2..32    " 

0.78    " 

September 

9.21    •• 

2.52    " 

1903 

101   " 

April 

4.28    " 

3.39    " 

October  . , . 

11.78    " 

12.40    " 

1904 

132   " 

May 

3.18    '• 

3.50    " 

November. 

4.71    "* 

4.40    •' 

1905 

9:2   " 

June 

15.71    '■ 

0.90    " 

December . 

3.28    '' 

4.40    "t 

1906 

92   " 

Total  precipitation 

Average  precipitation,  per  annum. 


617  in. 
103  in. 


*  November  and  December,  1906,  averaged  from  preceding  five  years. 
t  Average  of  preceding  ten  months. 

The  diversion  of  many  small  streams  into  the  Nexaca  Valley  at 
low  cost  gives,  with  the  large  storage  areas,  a  perennial  supply 
equal  to  all  possible  demands  for  many  years  to  come.  Already  the 
demand  is  approaching  the  rated  output  of  the  first  installation  now 
nearing  completion. 

The  extension  of  the  plant  by  a  second  installation,  vi^ith  a  fall 
of  720  m.  (2  341.6  ft.)  between  the  Tezcapa  and  Los  Reyes  Dams 
(Fig.  1)*  will  involve  an  interesting  development  of  large  units  at 
high  speed,  with  the  related  problem  of  so  nice  an  adjustment  of 
sizes  of  intake,  penstock  and  nozzles  as  to  secure  continuous  opera- 
tion. The  pipe  flanges  (Fig.  3)  deserve  careful  consideration.  The 
writer  confesses  to  a  prior  preference  for  riveted  pipe  in  large  sizes ; 
but,  having  laid,  full-bolted  and  tightened,  1  870  ft.  of  this  pipe  in 
6^  days  (three  shifts  of  24  hours  each),  it  has  his  heartiest  recom- 
mendation. The  German  shop  work  is  admirably  standardized,  as 
must  be  the  case  where  a  misplaced  gasket  prevents  the  bolting  rings 
taking  the  correct  position,  and  localizing  any  leakage  in  the  bolting. 
The  pipes  have  generally  a  length  of  9  m.  (29.5  ft),  and  weigh,  in 
the  larger  thicknesses,  4  tons  each.  To  handle  this  pipe  on  36  and 
41°  slopes  (Plate  XCIX)*  and  lay  it  in  the  confined  space  of  a 
13-ft.  tunnel  does  not  favor  rapid  work. 

Whether  a  rubber  gasket,  under  heavy  pressure  from  side  and 
edge,  will  rot  or  harden  with  time,  is  an  open  question.  The  writer 
is  inclined  to  the  latter  belief.  The  one  criticism  to  be  offered  with 
respect  to  this  pipe  is  on  the  variation  in  the  bolts;  there  are  seven 
sizes  of  what  may  be  called  standard  bolts,  and  three  special  forms, 
and  as  many  sizes.  These  latter  are  necessary.  The  number  of 
sizes  of  standard  bolts,  from  practical  considerations,  could  be  mate- 
rially reduced. 

*Piorpf(Ungs,  Am.  Soc.  C.  E.,  for  October,  1908. 
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The  arrangement  of  gates  in  the  vicinity  of  the  upper  end  of  Mr.  Warner, 
the  30-in.  pipes  (Fig.  1,  Plate  CVI)  is  very  elaborate,  and  while 
their  number- — eleven  in  all  within  a  space  of  20  ft.-^is  larger  than 
usual,  all  possible  contingencies  are  provided  for.  Motor-driven 
valves  on  the  30-in.  pipes,  operated  from  the  power-house,  would 
insure  quicker  closing  than  is  now  to  be  had,  but  the  instan- 
taneous action  of  the  relief  valves  gives  ample  time  for  hand  oper- 
ation, except  in  the  very  remote  contingency  of  a  serious  break  in 
the  pipe. 

H.  F.  Labelle,  M.  Am.  See.  C.  E.  (by  letter).— The  plant  de-  Mr  Labeiie. 
scribed  in  this  paper  has  a  great  deal  of  interest  for  the  hydraulic 
engineer,  inasmuch  as  it  contains  many  novel  features  of  design. 
The  large  hydraulic-fill  dam,  the  intake  tower,  the  use  of  large 
lap-welded  pipes  in  the  lower  parts  of  the  penstocks,  the  intro- 
duction of  square  nozzles  and,  above  all,  the  application  of  the  im- 
pulse turbine  to  the  operation  of  generators  on  a  vertical  shaft,  are 
all  points  worthy  of  special  attention. 

The  managers  of  hydraulic  plants  try  to  have  the  system  of 
racks  connected  with  their  stations  under  their  thumbs,  so  to  speak. 
Racks  are  a  fruitful  source  of  trouble  to  superintendents  of  hy- 
draulic stations,  and  the  fight,  at  times,  assumes  important  pro- 
portions. Various  means  are  used  to  keep  racks  clean  and  prevent 
fluctuation  of  head;  there  are  baffling  walls,  heating  coils,  steam, 
mechanical  rakes  operated  by  electric  motors,  zigzag  racks,  herring- 
bones in  combination  with  sluices  and,  of  course,  the  ubiquitous 
man-rake.  In  the  Necaxa  plant  the  intake,  fortunately,  is  placed 
in  a  large  body  of  water,  and,  in  proportion  to  the  discharge  of 
water,  very  little  drift  will  come  to  it.  Nevertheless,  the  designer 
has  placed  abundant  protection,  at  the  intake,  against  the  entrance 
of  floating  matter  into  the  penstocks.  It  is  hard  to  see,  however, 
how  the  inside  screens  can  be  cleaned  in  case  they  require  it.  Are 
they  made  in  sections,  and  has  special  provision  been  made  for 
lifting  them?  The  writer  would  like  to  be  informed  regarding 
the  operation  of  these  screens  and  racks  under  various  conditions. 

It  is  believed  that  the  branching  of  the  penstocks,  near  the 
power-house,  each  branch  supplying  one  or  two  generating  sets, 
has  originated  in  American  practice;  on  this  Continent  it  is  not 
a  new  thing.  In  Europe,  the  turbines  of  two  of  the  best-equipped 
high-pressure  plants,  one  at  Tivoli,  near  Rome,  the  other  at  Val- 
lorbes,  in  the  Swiss  Jura  (which,  by  the  way,  is  said  to  have  the 
most  perfect  and  up-to-date  electrical  installation  in  Europe),  are 
fed  by  a  single  line  of  pipe,  and  only  recently  the  Kubel  plant,  near 
St.  Gall.  Switzerland,  has  duplicated  its  original  penstock.  The 
plant  recently  completed  at  Obermatt  (supplying  Lucerne)  has 
also  a  double  penstock  in  operation,  with  two  additional  pipes  for 
future  extensions. 
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Mr.  Labeiie.  The  use  of  lap-welded,  flanged  pipe  of  large  diameter  for  pen- 
stocks is  a  comparatively  recent  innovation,  both  in  Europe  and 
America.  This  kind  of  pipe  was  used  at  Vallorbes,  but  with  more 
commonplace  flanges  than  those  described  in  this  paper.  In  case 
of  accident  to  this  kind  of  pipe,  it  is  obvious  that  it  is  far  easier 
to  make  repairs  than  with  a  riveted  pipe.  At  the  head  of  each  of  the 
30-in.  lines  and  just  below  the  stand-pipes,  the  writer  would  have 
liked  to  see  the  installation  of  a  butterfly,  or  other  kind  of  valve, 
operated  by  a  motor  from  the  station  switchboard,  and  designed  to 
shut  off  the  water  in  case  of  accident  to,  or  bursting  of,  its  appurte- 
nant 30-in.  line,  thus  saving  the  other  lines  from  possible  destruc- 
tion, and  preventing  serious  damage  to  the  power-house. 

Heretofore,  the  high-pressure  or  impulse  turbine  (in  America 
commonly  called  the  "Pelton"  wheel)  has  been  designed  with  a 
horizontal  shaft,  with  very  few  exceptions,  and  this  for  turbines 
of  the  smaller  sizes.  The  designs  have  carried  one  or  more  nozzles, 
the  multiple  nozzle  being  seldom  used  in  Europe.  In  a  few  of  the 
plants  designed  by  Escher-Wyss  and  Company,  the  double  parallel 
nozzle,  operating  two  sets  of  buckets,  is  used,  but  in  the  majority 
of  even  the  most  recent  European  high-pressure  plants,  the  old  de- 
sign is  adhered  to.  The  generating  units  of  the  Necaxa  plant  are 
radical  departures  in  this  respect,  inasmuch  as  they  show  the  com- 
bination of  the  impulse  turbine  and  the  vertical  dynamo  in  new 
roles,  the  former  on  a  vertical  shaft,  and  the  latter,  which  hereto- 
fore has  been  confined  to  low  heads,  operating  a  plant  under  1  300-ft. 
head. 

It  is  pertinent  to  state  here  that  the  two  patterns  of  turbines 
used  almost  exclusively  in  Europe  to-day — the  Francis  turbine  and 
the  Pelton  machine — are  of  American  origin.  A  few  years  ago  Eu- 
ropean designers  of  turbines,  and  among  them  the  firm  of  Escher- 
Wyss  and  Company,  which  represents  the  best  practice  in  Europe, 
attempted  to  force  the  Francis  reaction  turbine  out  of  its  legitimate 
field,  by  applying  it  to  high-pressure  plants;  the  Pelton  machine, 
however,  soon  showed  its  superiority  in  that  field  over  all  reaction 
outfits,  and  it  is  seen  now  in  all  the  latest  European  developments 
running  under  a  high  head.  Exception  is  to  be  made  of  the  Tivoli 
plant,  which  has  Girard  turbines;  improvements  in  that  line,  how- 
ever, have  been  so  rapid  that  the  hydraulic  plant  at  Tivoli  is  now 
almost  old-fashioned.  In  1903,  of  108  turbines  built  during  the  year 
by  Escher-Wyss  and  Company,  only  3  were  of  the  Girard  type. 

In  the  18  or  20%  which  separates  present  efficiency  in  turbines 
from  perfection,  there  is  some  5  to  8%  of  frictional  resistance  be- 
tween the  moving  and  non-moving  parts;  this,  in  a  large  machine, 
constitutes  a  considerable  loss  of  power.  This  resistance  in  vertical 
direct-connected   sets   is   reduced   considerably   by    the   introduction 
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of  oil  pressure  to  support  the  nioviiig  parts,  which  are  under  about  Mr.  Labeiie. 
the  same  conditions  as  the  rotating  screen  of  a  lighthouse,  which 
floats  and  revolves  on  a  body  of  mercury.  In  that  way,  friction 
is  reduced  to  such  a  point  that  when  the  oil  pumps  are  in  operation, 
the  rotor  of  a  1  000-kw.  machine  can  be  moved  by  one  man.  This 
has  been  done  repeatedly  in  the  Chevres  station,  which  supplies 
Geneva,  Switzerland.  For  this  and  other  reasons,  given  in  the  paper, 
this  new  turbine  design  should  have  a  very  high  efficiency,  and  it 
is  to  be  hoped  that  some  record  of  the  performance  of  the  turbines 
described  will  be  given  by  the  authors  in  their  review  of  the  dis- 
cussion. 

The  4  000  voltage  of  the  Necaxa  generators  is  somewhat  above 
the  time-honored  and  quasi-classical  2  000  to  2  500  voltage  common- 
ly used  in  America,  but  it  is  still  far  below  the  voltages  which  have 
been  used  successfully  in  Europe  for  some  years.  Tivoli  has  been 
one  of  the  pioneers  in  that  line,  the  generators  at  that  plant  running 
at  10  000  volts,  and  this  is  also  the  line  voltage.  Other  plants 
generate  at  11  000  and  as  high  as  20  000  volts.  In  America  these 
high  voltages  have  been  accepted,  at  last;  the  new  plant  near  Salis- 
bury, S.  C,  on  the  Yadkin,  will  generate  at  11  000  volts.  The  Anglo- 
Roman  Electric  Power  Company,  which  operates  the  Tivoli  plant, 
is  so  well  pleased  with  this  high  voltage  of  generation  that  it 
is  preparing  to  develop  5  000  h.p.  above  Tivoli,  and  is  installing 
generators  which  will  run  at  30  000  volts ;  the  current  will  be  trans- 
mitted to  Rome  at  that  pressure,  and  then  stepped  down  to  10  000 
volts,  so  as  to  connect  it  with  the  old  system. 

Some  years  ago,  hydro-electric  developments  were  carried  out 
without  much  concern  about  storage  possibilities  in  the  water-shed. 
If  a  stream  had  a  fairly  even  discharge  throughout  the  year,  it 
was  considered  a  good  proposition;  if  not,  it  was  regarded  as  of 
doubtful  value,  and  no  attempt  was  made  to  increase  this  value 
by  storage.  In  sections  where  the  rainfall  is  distributed  evenly 
over  the  whole  year,  and  where  streams  have  more  constancy  of 
flow,  storage,  although  always  helpful,  is  not  as  important  as  in 
places  where  the  rainfall  is  confined  to  one-half  the  year,  as  in 
certain  parts  of  the  tropics  and  in  semi-arid  countries,  where,  at 
the  end  of  the  dry  season,  streams  have  dwindled  to  nothing.  Even 
if  the  yearly  rainfall  is  abundant,  it  occurs  mostly  during  one  part 
of  the  year,  and,  therefore,  the  streams  fluctuate  too  much  in  quan- 
tity to  be  of  any  use  for  power  purposes.  Storage,  when  practicable, 
and  where  the  cost  of  reservoirs  does  not  bring  the  enterprise  out- 
side of  proper  limits  financially,  can  improve  a  power  proposition 
wonderfully,  and  change  an  otherwise  valueless  stream  into  a  valu- 
able property. 

Although  this  statement  may  appear  self-evident  to  many,  still 
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Mr.  Labeiie.  there  are  people  who  wish  to  be  considered  wise  and  well-informed 
on  these  matters,  who  refuse  to  see  any  advantage  in  storage.  A 
few  years  ago,  it  is  true,  storage  reservoirs  in  connection  with  hydro- 
electric plants  were  not  a  fashionable  combination.  Works  were 
designed  on  the  basis  of  minimum  or  normal  flow,  and  at  some 
plants  as  much  as  75%  of  the  yearly  run-ofi  went  down  the  river 
without  being  utilized.  Lately,  however,  at  least  one  section  of 
the  country  is  making  for  storage.  Having  outgrown  the  capacity 
of  their  plants,  or  having  tired  of  paying  exorbitant  prices  for  coal 
used  in  their  steam  auxiliaries,  the  electric  power  companies  of 
California  have  begun  to  investigate  storage;  as  their  country  is 
topographically  well  adapted  to  reservoir  building,  it  is  to  be 
expected  that  this  phase  of  power  development  will  soon  come  into 
prominence  on  the  Pacific  Coast.  It  is  to  be  feared,  however, 
that  the  reservoir  sites  will  cost  a  great  deal  more  now  than  if 
they  had  been  purchased  at  the  start,  and  if  storage  considerations 
had  been  included  in  the  original  designs. 

The  map  (Fig.  1)  shows  the  importance  which  the  designer  has 
given  the  question  of  storage.  The  proper  conditions,  being  found, 
have  been  quickly  taken  advantage  of.  Without  storage  the  com- 
bined minimum  flows  of  the  two  rivers  would  have  produced  about 
12  000  h.  p. ;  with  reservoirs  (and  in  dry  years  there  is  more  than 
15  000  000  000  cu.  ft.  of  available  rainfall  to  fill  them),  the  average 
flow  can  be  used,  producing  about  50  000  h.p.,  at  probably  no 
greater  cost  per  kilowatt  of  output  delivered  than  with  the  smaller 
development.  Further,  the  plant  has  the  advantage  of  obtaining 
its  storage  from  several  reservoirs,  which  can  be  built  successively 
as  the  output  requires  it;  besides,  it  has  at  its  command  auxiliary 
streams  which  may  be  utilized  when  necessary. 

What  the  writer  has  just  stated  about  auxiliaries  to  hydro- 
electric plants  must  not  be  construed  as  a  wholesale  condemnation 
of  them.  This  question  of  auxiliaries  is  a  complicated  affair  which 
has  not  been  completely  sifted  out  in  America,  and,  until  lately, 
it  has  been  completely  neglected  in  Europe.  Whether  auxiliaries 
should  be  adopted  at  the  start,  their  adoption  postponed  to  some 
future  time,  or  neglected  altogether,  are  questions  of  much  mo- 
ment for  designers  and  promoters  of  works  dealing  with  the  trans- 
mission of  hydraulic  power. 

Dr.  Perrine*  truthfully  describes  the  present  state  of  this  mat- 
ter in  America,  when  he  says : 

"After  all  has  been  done  that  is  possible  in  obtaining  the  best 
possible  storage  and  in  selecting  the  most  satisfactory  customers, 
it  is  often  the  case  that  there  remains  a  residuum  in  the  problem 
which  may  be  economically  handled  only  by  steam  or  gas  auxiliaries. 

*"The  Value  and  Design  of  Water  Power  Plants  as  Influenced  by  Load  Factor," 
Journal  of  the  Franklin  Institute,  Oct.,  1906. 
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But  a  short  time  ago  the  presence  in  any  hydro-electric  system  of  Mr.  LatmiiH. 
steam  or  gas  auxiharies  was  considered  a  confession  of  weakness 
in  the  hydraulic  system.  Fortunately,  this  false  idea  is  fast  losing 
ground,  and  it  is  recognized  that  the  best  of  engineering  is  shown 
by  their  use,  and  in  consequence  fine  hydro-electric  opportunities 
are  being  utilized  which  were  previously  neglected." 

Among  Europeans,  the  clear-headed  Swiss  were  the  first  to  recog- 
nize the  value  of  auxiliaries.  After  the  plant  at  Chevres,  some 
four  miles  below  Geneva,  on  the  Rhone,  had  been  for  some  time  in 
operation,  it  became  evident  that  the  works  would  never  be  able  to 
give  a  constant  output  single-handed,  too  many  things  causing  the 
head  on  the  turbines  to  fluctuate.  The  station  had  been  built  in  the 
river  near  and  parallel  to  the  right  shore;  the  barrage  was  com- 
posed of  piers  and  balanced  or  Stoney  gates  of  10-m.  spans,  extend- 
ing from  the  upper  end  of  the  power-house  to  the  left  shore.  The 
forebay,  in  consequence,  received  all  the  detritus  brought  down  by 
the  river,  not  only  from  Geneva,  but  from  the  numerous  towns  lo- 
cated on  Lake  Leman  and  from  the  mountain  streams  emptying  into 
it.  In  winter  large  bodies  of  frazil  had  to  be  handled,  these  occa- 
sionally completely  stopping  the  works  in  spite  of  heating  coils  and 
the  generous  use  of  steam  around  the  racks.  Moreover,  at  certain 
seasons,  the  discharge  of  the  river  was  considerably  reduced.  Brief- 
ly, the  power  output  was  very  irregular,  and  as  if  these  troubles 
were  not  sufficient,  the  river  has  begun  to  pile  up  sand  and  gravel 
in  the  upper  end  of  the  fore-bay. 

The  engineers  of  the  plant,  however,  believe  that  they  have  foiind 
a  remedy.  They  have  constructed  a  combination  trestle  and  racks 
extending  from  the  upper  end  of  the  power-house,  about  500  ft. 
np  stream,  to  a  point  on  the  right  bank,  thereby  enclosing  the 
forebay.  The  structure  is  placed  at  such  a  small  angle  with  the 
thread  of  the  current  that  it  is  expected  to  divert  the  drift  from 
the  forebay  and  lead  it  over  the  wasteway  provided  in  the  barrage. 

The  Geneva  Council,  however,  did  not  stop  at  the  above  device, 
but,  having  once  recognized  the  utility  of  an  auxiliary  plant,  it  was 
not  slow  in  erecting  in  the  city  what  the  writer  considers  a  model 
electric  power  station  throughout.  The  building  is  spacious  and 
modern,  and  can  accommodate  machinery  to  generate  more  than 
5  000  h.p.  The  generators  are  directly  driven  by  Curtis  turbines, 
and  the  steam  is  furnished  by  a  battery  of  Babcock  and  Wilcox 
boilers,  with  all  coal  and  ash  conveyors,  mechanical  stokers,  econo- 
mizers, etc.  It  now  seems  that  the  problem  of  constancy  of  power 
in  Geneva  has  been  solved  satisfactorily,  and  that  the  full  normal 
output  of  the  Chevres  station,  with  the  help  of  its  steam  auxiliary, 
will  be  available  at  all  times. 

In  the  rapid  advance  of  hydraulic-power  transmission,  both 
America  and  Eiirope  have  contributed  largely,  and  each  has  taken 
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Mr.  Labeiie.  advantage  of  the  other's  improvements  in  practice.  It  is  true  that 
Europe  has  the  lead  in  turbine  design  and  high  voltage  of  genera- 
tion, but  America  leads  in  high  voltage  of  transmission  and  the  de- 
velopment of  auxiliaries.  Besides,  America  is  awakening  to  the  im- 
portance of  rational  turbine  designing,  and  at  least  one  firm  (the 
I.  P.  Morris  Company,  of  Philadelphia)  has  cut  loose  from  boiler- 
plate outfits,  and  has  entered  the  field  heretofore  occupied  exclusively 
by  Swiss  and  German  designers.  It  is  to  be  hoped  that  other 
firms  of  turbine  manufacturers  in  America  will  follow  this  example, 
and  avail  themselves  of  this  surest  way  of  increasing  the  efficiency 
of  what  is  now  the  least  efficient  machine  in  all  hydro-electric  trans- 
formations. 
Mr.  Baum.  F.  G.  Baum,  Assoc.  M.  Am.  Soc.  C.  E,  (by  letter). — The  state- 
ment made  by  the  authors,  that  a  lap-welded  pipe  is  stronger  and 
more  reliable  than  one  built  up  of  plates  riveted  together,  is  open 
to  question.  Out  of  an  installation  of  four  pipes  of  this  kind,  twa 
failed  at  the  weld,  in  one  case  after  the  pipe  had  been  in  service 
about  seven  years.  The  rupture  showed  the  pipe  to  be  blistered 
nearly  the  entire  length  at  the  weld,  and,  for  a  distance  of  about 
9  in.,  there  was  a  flaw  running  two-thirds  through  the  metal.  At 
the  time  of  the  break  very  cold  water  was  being  drawn  through  the 
pipe,  and  it  is  supposed  that  the  contraction  due  to  the  cold  (the 
pipe  was  flattened  at  the  joint)  caused  an  extra  strain  at  the  weld,, 
and  it  yielded.  Numerous  joints  of  tested  pipe  of  this  kind  have 
had  to  be  discarded.     A  test  of  a  few  minutes  is  not  sufficient. 

The  fact  that  pipes  break  occasionally  makes  it  advisable  to 
have  as  few  cross-connections  as  possible,  and  these  connections,, 
where  possible,  should  be  normally  closed.  It  is  also  advisable, 
where  possible,  to  take  a  nozzle  for  two  or  more  different  units 
from  the  same  pipe. 

The  vertical  units  cannot  be  justified  on  account  of  a  saving 
of  cost  of  power-house  or  ground  space,  as  horizontal  units  could 
have  been  installed  in  the  same  space.  The  right-angled  connec- 
tions of  the  nozzles  to  the  main  pipes  demanded  by  vertical  units 
are  open  to  objection  on  account  of  the  loss  of  power,  and  the 
pipe  connections  are  more  costly  and  complicated  than  with  hori- 
zontal units.  There  is  also  objection  to  the  vertical  unit  on  ac- 
count of  the  fact  that  the  water  discharged  from  the  buckets  does 
not  clear  the  wheel  as  well  as  in  a  horizontal  unit;  and  certainly 
a  horizontal  bearing  is  preferable  to  a  vertical  bearing,  other  con- 
ditions   being  the   same. 

To  obtain  the  same  result  with  a  horizontal  unit  would  have  re- 
quired two  discs  and  two  sets  of  buckets  as  against  one  disc  and 
one  set  of  buckets  for  the  vertical  unit,  assuming  the  buckets  and 
nozzles  to  be  of  the  same  size.     The  extra  cost,  however,  would  be 
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offset  by  reduced  losses  in  the  nozzle  connections  and  probably  by  Mr.  Haum. 
increased  wheel  efficiency. 

In  laying  out  high-tension  electrical  connections,  it  should 
be  borne  in  mind  that  a  bare  wire  will  give  less  trouble  than  one 
to  which  there  are  all  kinds  of  connections,  and  flexibility  should 
be  sacrificed  for  simplicity.  Series  transformers,  etc.,  should  be 
eliminated,  where  possible,  from  the  high-tension  leads,  and  there 
should  be  no  more  switches  than  are  absolutely  necessary.  As  far 
as  possible  the  switches,  transformers,  etc.,  should  be  within  view 
by  the  operator,  so  that  he  may  at  once  locate  any  trouble  in  the 
station,  and  not  repeatedly  throw  the  power  on  a  piece  of  disabled 
apparatus  which  may  be  in  a  cell,  out  of  view,  not  20  ft.  away.  The 
plans  show  that  the  transformers,  switches,  etc.,  occupy  more  than 
one-half  the  building,  which  certainly  is  a  very  large  proportion. 

The  use  of  steel  towers  on  this  line  adds  another  experience  to 
what  will  ultimately  be  the  regular  practice,  for  it  takes  no  prophet 
to  predict  that  some  time  in  the  future  all  high-tension,  long- 
distance power  lines  will  be  on  towers. 

J.  D.  Galloway^  M.  Am.  Soc.  C.  E.  (by  letter). — Some  of  the  Mr.  Galloway 
authors'  statements  seem  to  be  open  to  criticism,  although  the  plant 
as  a  whole  represents  an  example  of  high-class  construction. 

Pi'pe  Lines. — The  pipe  lines  consist  of  about  2  400  ft.  of  8-ft. 
riveted  pipe,  2  300  ft.  of  6-ft.  riveted  pipe  and  2  460  ft.  of  30-in., 
outer  diameter,  lap-welded  pipe.  The  details  of  the  construction  of 
the  large  riveted  pipe  are  lacking.  It  is  generally  a  serious  ques- 
tion as  to  how  to  preserve  the  shape  of  such  pipe  when  built  of 
relatively  thin  material.  Bands  of  angle  iron  are  sometimes  xised. 
The  method  of  support  is  not  stated,  except  that  the  pipe  is  on  con- 
crete piers.  It  would  be  interesting  to  know  how  close  the  piers  are 
placed.  The  weight  of  water  in  the  pipe  is  more  than  3  000  lb.  per 
lin.  ft.,  which  would  seem  to  render  the  method  of  support  quite  a 
problem. 

There  is  no  mention  of  air-valves  in  this  section  of  the  pipe; 
the  only  means  for  air  to  enter  is  at  the  stand-pipes,  below  the  re- 
ceiver, they  being  connected  to  the  30-in.  pipes.  The  distance  from 
the  reservoir  to  the  receiver  is  about  4  500  ft.,  and,  if  there  are  no 
air-valves  in  that  length,  a  break  in  the  pipes  would  inevitably 
cause  the  collapse  of  the  portion  of  the  pipe  above.  Stiffening  rings 
might  prevent  this,  but  it  is  doubtful.  The  collapse  of  pipe  has 
occurred  in  a  number  of  plants  designed  in  a  similar  way,  and  the 
resulting  damage  was  enormous. 

The  writer  doubts  very  much  the  statement  that  a  lap-welded 
30-in.  pipe  is  "stronger  and  more  reliable  than  one  built  up  of 
plates  riveted  together,"  and  the  following  is  offered  as  evidence: 

At  a  plant  which  will  he  designated  as  "A"  there  are  two  30-in. 
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Mr.  Galloway,  lap-welded  pipes.  Shortly  after  installation,  one  of  these  opened  at 
the  weld,  causing  much  damage.  After  being  in  use  seven  years, 
another  section  opened  at  the  weld.  Inspection  showed  a  very 
imperfect  weld  and  also  a  shearing  of  the  outer  portion  of  the  steel 
from  the  inner  along  the  neutral  axis.  The  steel  seemed  to  be  in 
layers.  At  plant  "B"  there  are  two  lines  of  pipe,  partly  of  30-in., 
outer  diameter,  lap-welded.  A  number  of  sections  (five,  if  memory 
serves  correctly),  were  rejected  in  the  field,  owing  to  defective  welds. 
Examination  by  drilling  showed  that  in  cases  less  than  one-half 
the  metal  was  in  contact. 

Another  instance  occurred  at  the  Bishop  plant  of  the  Nevada 
Power,  Mining  and  Milling  Company,  of  the  construction  of  which 
the  writer  had  charge.  A  24-in.,  outer  diameter,  riveted  pipe,  from 
the  same  factory  that  furnished  the  Necaxa  pipes,  was  used,  the 
maximum  head  being  1  068  ft.  This  pipe  was  subjected  to  a  shop 
test  similar  to  that  of  the  Necaxa  pipe,  and  was  inspected  by  a 
prominent  firm  of  inspectors.  On  arrival  at  the  plant,  one  section 
was  found  to  have  opened  along  the  weld  a  length  of  more  than  5 
ft.  After  being  in  place,  with  the  water  turned  on  for  two  weeks, 
another  section  opened  at  the  weld,  causing  a  shut-down  and  a  trou- 
blesome patch. 

At  the  Necaxa  plant  there  are  more  than  2J  miles  of  weld,  and 
engineers  can  appreciate  the  chance  of  such  defects  as  mentioned. 
Personally,  the  writer  believes  such  pipe  to  be  entirely  unsatis- 
factory for  power  plants.  The  resulting  damage  from  a  break 
would  be  enormous,  both  in  cost  of  repairs  and  in  prestige. 

The  i;se  of  riveted  pipe  is  general  throughout  the  West,  and 
gives  entire  satisfaction.  The  writer  calculates  for  a  stress  of  12  000 
lb.  per  sq.  in.,  and  uses  butt-strap  joints,  triple  riveted.  Joints  of 
this  type  can  be  made  with  an  efiiciency  of  80%  and  more.  The 
riveting  forms  a  positive  connection,  the  strength  of  which  has  been 
established  by  numbers  of  tests.  All  parts  can  be  inspected,  and 
the  chance  of  defects  is  reduced  to  a  minimimi.  At  Electra  a 
riveted  pipe  supplying  two  5  000-kw.  generators,  under  1 460  ft. 
head,  designed  as  above,  has  been  in  use  nearly  two  years,  and  no 
defect  has  shown. 

A  comparison  of  cost,  made  by  C.  D.  Marx,  M.  Am.  Soc.  C.  E., 
and  the  writer,  was  afforded  by  the  design  of  pipes  at  Stanislaus, 
Cal.  Bids  were  taken  on  the  two  pipes,  36  in.  in  diameter  at  the 
lower  end,  under  1  495  ft.  head.  Riveted  and  lap-welded  joints  were 
each  taken  as  at  80%  efficiency,  the  stress  in  the  steel  being  12  000 
lb.  per  sq.  in.  Allowance  was  made  in  friction  factors,  due  to  less 
friction  in  the  lap-welded  pipe,  the  riveted  pipe  being  of  larger 
diameter.  Including  installation,  the  riveted  pipe  was  10%  higher 
in  cost  than  the  lap-welded,  while  the  time  was  about  40%  longer 
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for  the  lap-welded  pipe.     The  numerous  failures  of  lap-welded  pipe,  Mr.  Galloway, 
mentioned  above,  together  with  the  time  required,  led  to  the  adop- 
tion of  the  riveted  pipe  at  a  higher  cost. 

The  design  at  Necaxa,  which  has  one  30-in.  pipe  leading  to  each 
generator,  seems  to  be  not  as  economical  nor  as  effective  as  one  pipe 
serving  two  generators.  A  single  42-in.  pipe  has  the  same  area  as 
two  30-iu.  pipes,  and,  theoretically,  the  same  quantity  of  metal  in 
the  shell.  There  is,  however,  a  greater  carrying  capacity,  due  to 
decreased  friction  in  the  larger  pipe.  In  laying,  there  is  only  one- 
half  the  number  of  pieces  to  be  handled,  and  only  one-half  the  num- 
ber of  longitudinal  and  transverse  joints.  In  this,  the  cost  is 
largely  concerned  with  the  number  of  parts  handled,  and  not  so 
much  with  their  size. 

At  Necaxa  the  cost  of  the  tunnel  enters  largely  into  the  cost  of 
these  pipes.  Judging  from  the  photograph.  Fig.  2,  Plate  CVI,  there 
seems  to  be  a  space  of  about  2  ft.  between  the  pipes,  which  is  neces- 
sary to  make  the  joints.  Each  is  about  14  ft.  wide.  As  three  42-in. 
pipes  would  occupy  only  2  ft.  more  in  width,  one  16-ft.  tunnel  would 
have  taken  the  place  of  two  14-ft.  tunnels.  As  the  tunnels  are  some 
1  900  ft.  long,  and  are  excavated  on  an  incline  of  41°,  and  in  a  re- 
mote place,  it  would  seem  that  a  saving  of  at  least  $30  000  could 
have  been  effected  by  using  larger  pipes  in  this  item  alone.  In  the 
manufacture,  there  is  but  one  joint  instead  of  two,  and  the  labor  is 
reduced  correspondingly.  Heavier  and  larger  pipes  ahvays  come  at 
a  lower  price  per  pound.  Again,  with  two  generators  coupled  to  one 
pipe,  the  chances  of  a  stoppage  of  flow  of  water  and  corresponding 
water  hammer  are  much  reduced.  The  writer  regards  the  placing 
of  two  generators  upon  one  pipe  as  the  most  effective  insurance 
against  damage  to  the  pipe. 

The  Hydraulic  Machinery. — In  connection  with  the  water-wheel, 
as  designed  with  a  vertical  shaft,  the  authors  state: 

"This  construction  has  many  marked  advantages  for  large  units 
over  impulse  water-wheels  heretofore  built  with  horizontal  shafts 
and  single  deflecting  nozzles.  The  double  nozzle  reduces  the  size  of 
both  the  jet  and  the  bucket,  and  permits  the  use  of  a  water-wheel  of 
smaller  diameter  and  higher  speed  of  rotation  without  sacrifice  of 
efficiency." 

To  one  familiar  with  what  has  been  done  in  California,  this 
seems  to  be  an  absurd  claim,  in  many  respects,  as  no  statement  of 
the  wheel  efficiencies  is  given.  In  the  design  as  made,  the  water 
entering  the  nozzles  must  make  two  right-angled  bends,  or  180°, 
before  reaching  the  wheel.  To  compel  water  moving  at  from  15  to 
20  ft.  per  sec,  under  some  1  400  ft.  head,  to  turn  an  abrupt  right, 
angle  would  not  seem  as  effective  as  to  cause  it  to  turn  two  angles 
of  30°,  as  in  the  Pelton  Water- Wheel  Company's  designs.     No  de- 
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Mi.  Galloway,  tail  is  given  of  the  nozzles  or  the  regulating  device,  so  that  com- 
ment cannot  be  made.  To  the  writer,  it  does  not  seem  possible  to 
devise  a  simpler  method  of  regulation  than  the  deflecting  nozzle, 
with  the  needle  adjustment  of  the  size  of  the  jet.  With  a  horizontal 
shaft,  it  is  possible,  and  probably  advisable,  to  place  a  wheel  at  each 
end,  on  generators  of  more  than  3  000  kw.  capacity.  Little  space 
has  been  saved,  as  the  generators  are  some  24  ft.  apart  on  centers. 
Single- wheel  generators  of  5  000  kw.  capacity,  on  horizontal  shafts, 
can  be  placed  in  30  ft.  Generally,  the  floor  length  depends  upon  the 
space  required  for  transformers  and  switches  and  not  on  that 
required  for  the  generators.  The  position  of  the  nozzles,  form- 
ing a  couple,  is  theoretically  correct,  biit  no  difficulty  has  been 
found  in  running  generators  of  equal  size  under  the  same  head, 
with  a  single  nozzle.  Little,  if  anything,  is  saved  in  head  by  the 
arrangement  of  placing  the  wheel  near  high  water,  as  the  part  of  the 
total  head  is  a  fraction  of  1  per  cent.  The  aiithors  comment  upon 
the  higher  speed  possible  by  using  the  vertical  shaft.,  The  speed  is 
300  rev.  per  min.  The  writer  knows  of  three  5  000-kw.  generators, 
with  single  wheels  on  horizontal  shafts,  running  constantly  at  400 
rev.  per  min.,  with  a  corresponding  reduction  in  cost  in  the  genera- 
tors and  wheel  parts,  both  at  the  shop  and  in  transportation.  One 
of  these,  at  de  Sabla,  was  started  nearly  three  years  ago,  and  de- 
scriptions of  it  appeared  in  the  technical  press.  Several  more  of  the 
same  size  are  now  being  installed.  In  fact,  the  speed  of  400  rev. 
per  min.  for  large  generators  seems  to  have  become  a  standard.  In 
the  light  of  these  facts,  the  claim  for  higher  speed  with  the  vertical 
shaft  does  not  seem  to  be  substantiated,  as  the  examples  cited  were 
in  operation  before  the  Necaxa  plant  was  built. 

A  point  of  interest,  not  noted  by  the  authors,  would  be  the  action 
of  the  wheels  under  the  variable  head,  due  to  the  lowering  of  the 
storage  reservoir.  With  the  reservoir  drawn  down  to  a  level  10  ft. 
over  the  lowest  intake  valve,  there  would  be  a  decrease  in  head  of 
about  8  per  cent.  The  efficiency  of  pipe  and  water-wheels  would 
suffer  in  this  case,  and  information  as  to  what  the  effect  is  would 
be  interesting. 

The  writer  is  not  familiar  with  the  design  of  electrical  appara- 
tus, and  makes  no  comment  upon  those  parts. 

The  towers  of  the  line  are  of  excellent  design  throughout,  and 
undoubtedly  represent  what  will  ultimately  become  a  standard  form 
of  construction.  Cheap  poles  and  right-of-way  questions  have  pro- 
hibited tower  construction   in   the  West. 

Some  points  of  the  design  claimed  to  be  of  much  luerit  by  the 
authors,  and  differing  radically  from  construction  with  which  the 
writer  is  familiar,  have  led  to  the  foregoing  comments,  which,  how- 
ever, must  not  be  taken  as  criticism.  It  is  by  the  trial  of  new 
devices  that  progress  is  made. 
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Early  in  1905  it  became  apparent  to  the  engineers  of  the  United 
States  Reclamation  Service  that  the  Colorado  River  would  change 
its  low-water  course;  that  it  would  thereafter  send  its  low-water 
flow  and  a  part  of  its  flood  volnme  inland  into  the  Salton  Basin  in- 
stead of  oceanward  into  the  (4nlf  of  California.  Ever  since  that 
tinic  the  Reclamation  Service  has  been  an  interested  observer  of 
the  progress  made  by  the  canal  people  (whose  operations  are  re- 
sponsible for  the  change  of  the  river's  course)  in  their  efforts  to 
curb  the  river.  The  observations  of  the  Reclamation  Service  engi- 
neers have  been  extended  also  to  the  changes  which  have  been 
taking  place  along  the  new  watercourse. 

This  paper  is  based  upon  the  results  of  these  examinations,  and 
is  in  a  measure  a  transcript  of  the  writer's  official  reports  on  this 
subject. 

The  point  in  Mexico  where  the  canal  company  made  the  diver- 
sion  which   threatens   to   become   the   permanent   river   channel   is 
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about  4  miles  south  from  the  boundary  line  between  California 
and  Mexico.  It  was  visited  by  the  writer  twice  in  1905  and  three 
times  in  1906. 

In  the  spring  and  summer  of  1905,  the  Colorado  River — in  Lower 
California  at  this  point,  which  is  some  12  miles  below  Yuma- — 
enlarged  a  small  artificial  channel  or  cut  which  connected  the  river 
with  the  Imperial  Canal,  and  also  enlarged  the  canal  to  such  an 
extent  that  this  so-called  canal  heading  and  the  canal  became  the 
river's  low-water  channel.  The  river,  in  November,  1905,  during  a 
flood  stage,  made  this  heading  and  portions  of  Alamo  and  New 
Rivers  and  certain  sections  of  tlie  canal  its  main  cliannel.  The  river 
thereupon  flowed  inland  for  a  year,  discharging  into  the  Salton 
Sea  instead  of  holding  to  its  original  southerly  course  with  dis- 
charge into  the  Gulf  of  California,  where  it  belongs,  and  where 
its  waters  have  gone  for  many  centuries.  The  river  was  turned 
from  this  inland  course  on  November  4th,  1906,  but  could  be  held 
in  its  proper  channel  only  until  December  7th,  when  the  protection 
works  gave  way.  The  river  is  again  flowing  into  the  Salton  Sea. 
The  Salton  Sea  is  the  water  of  the  Colorado  River  which  has  ac- 
cumulated in  California  in  the  bottom  of  the  depression  '(about 
278  ft.  below  sea  level  at  the  lowest  point)  known  to  geographers 
as ,  the  Colorado  Desert,  but  recently  referred  to  as  the  Salton 
Basin. 

The  canal,  which  for  the  present  has  become  a  river,  was  con- 
structed primarily  for  the  irrigation  of  lands  in  ( California  in  the 
Imperial  Valley,  as  the  southern  portion  of  the  Salton  Basin  is 
called.  This  canal  is  frequently  called  the  Imperial  Canal.  It  is 
the  property  of  the  California  Development  Company  and  of  a 
subsidiary  Mexican  corporation  through  which  the  California  De- 
velopment Company  has  been  conducting  operations  in  Mexico. 

The  original  water  diversion  from  the  Colorado  River,  by  the 
California  Development  Company  for  the  irrigation  of  lands  in 
California,  was  made  in  the  southeastern  corner  of  that  State 
within  a  few  hundred  feet  of  the  international  boundary;  but  the 
operations  which  led  to  a  change  of  the  river's  course  were  entirely 
within  the  territory  of  Mexico,  and  are  presumed  to  have  been 
conducted  under  concessions  granted  by  that  eonntry  to  the  canal 
companies. 
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A  continuation  of  the  inland  flow  of  the  Colorado  River  would 
in  time  bring  disaster  to  the  Imperial  Valley.  It  would  further 
damage  the  property  of  the  Southern  Pacific  (railroad)  Company, 
which  has  already  sustained  great  financial  loss,  and  would  ulti- 
mately ruin  all  improved  lands  in  the  Salton  Basin  as  well  as  the 
lands  along  the  lower  sections  of  the  Colorado  River.  It  would 
modify  or  destroy  the  irrigation  possibilities  along  this  river  below 
its  canon. 

Saltox  Basin. 

"Salton  Basin"  is  the  name  applied  to  the  region  in  south- 
eastern California  and  northern  Lower  California  which  will  ulli- 
mately  be  submerged  if  the  Colorado  River  continues  to  discharge 
inland  instead  of  into  the  Gulf  of  California. 

This  region  extends  northward  to  a  point  a  few  miles  beyond 
Indio,  and  toward  the  south  overlaps  the  international  boundary 
some  15  to  20  miles.  The  length  of  the  basin  which  is  thus  threat- 
ened with  submersion  is  abovit  100  miles  from  north  to  south;  its 
surface  area  is  about  1  950  sq.  miles,  and  its  mean  width  nearly 
20  miles. 

The  lowest  point  of  this  basin,  at  the  former  salt  beds,  now  more 
than  70  ft.  imder  water,  is  278  ft.  below  sea  level. 

The  rainfall  in  the  country  adjoining  this  great  depression  is  so 
slight — only  a  few  inches  per  anntim — that  practically  no  run-off 
reaches  its  lowest  points.  All  the  water  now  there,  covering  more 
than  400  sq.  miles,  is  inflow  from  the  Colorado  River. 

The  Southern  Pacific  Company,  about  1876,  built  its  main  line 
across  this  depressed  area,  dropping  to  a  lowest  point  near  Salton 
with  an  elevation — or  rather  greatest  depression — about  265  ft.  below 
sea  level.  Its  main  line,  from  a  point  several  miles  north  from 
Indio  to  near  Plowing  Well,  some  3  miles  east  from  Imperial 
Junction  (formerly  Old  Beach),  is  below  sea  level. 

At  the  salt  beds,  the  Liverpool  Salt  Company  established  salt 
works,  apparently  a  remunerative  enterprise,  but  these  beds  were 
completely  submerged  early  in  1905. 

At  Indio,  and  soxxthward  from  this  point  to  near  the  salt  b"ds, 
wherever  water  has  been  obtainable  from  adjoining  streams  or  by 
boring  wells,  as  near  Coachella,  Artesia  and  Mecca,  the  land  is  be- 
ing improved,  and  homes  have  been  established.     Before  the  river 
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Fig.  1.— Dry  Bed  of  Colorado  River,  Below  Lower  Mexican  Headivg  of  Imperial 
Canal.  August  2(jth.  lOOfi. 


Fig.  2.— Sunset  Across  Salton  Sea.     From  New  Saltox  Railroad  Station. 
August  39th,  lOOii. 
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was  turned,  these  were  just  beginning  to  fall  a  prey  to  the  rising 
waters  of  Salton  Sea,  and  are  now  again  menaced. 

Since  the  California  Development  Company's  irrigation  work 
from  the  Colorado  was  undertaken,  the  valley  south  of  the  basin's 
greatest  depression  has  been  known  as  the  Imperial  Valley.  Here 
towns  quickly  sprang  up,  and  Imperial,  Brawley,  Holtville,  Calexico 
and  morq  recently  El  Centro  have  become  centers  of  activity. 

Mr.  W.  F.  Holt,  President  of  the  Imperial  Valley  Water  Users' 
Association,  states  that  in  January,  1905,  the  population  of  Im- 
perial Valley  was  10  000.  It  is  probable  that  the  number  of  per- 
sons who  had  homes,  real  property,  or  other  interests  at  stake  in 
the  valley  in  its  most  prosperous  days  exceeded  this  number. 

Calexico  is  at  sea  level.  Imperial  about  60  to  70  ft.  below  sea 
level,  and  Brawley  about  110  ft.  below  sea  level.  The  surface  of 
Salton  Sea  is  now  about  207  ft.  below  sea  level.  The  rise  of  the 
water,  therefore,  would  have  to  be  about  90  ft.  before  the  country 
near  Brawley  would  be  inundated. 

Although  the  Imperial  Valley  is  not  yet  covered  by  the  waters 
of  Salton  Sea,  much  damage  has  been  done  to  the  lands  in  this 
valley  by  the  river  water  in  its  flow  from  south  to  north  along 
the  Alamo  and  ISTew  Rivers.  These,  particvilarly  New  River,  were 
not  intended  by  Nature  to  carry  such  volumes  of  flow  as  the  river 
discharged  into  them  after  it  broke  from  its  proper  course  at  the 
Lower  Mexican  Heading.  Therefore,  there  were  times  in  1905  and 
1906  when  great  areas  along  these  streams  were  flooded,  and  other 
areas  would  have  been  inundated,  except  for  the  protection  they  re- 
ceived by  strenuous  work  on  long  lines  of  dikes  or  levees.  Unfa- 
vorably located  tracts  were  sacrificed  to  save  the  more  fortunate 
districts,  and  every  effort  was  bent  to  increase  the  carrying  capacity 
of  New  River  along  which  flood  damage  was  greatest. 

The  canal  system  was  not  planned  for  such  unforeseen  flood 
conditions.  Structures  were  inadequate  to  safeguard  properly  the 
supply  to  the  canals.  Constant  vigilance  was  required  to  keep  out 
the  undesirable  flood,  and  to  keep,  in  the  canals,  an  adequate  sup- 
ply for  the  needs  of  the  irrigators.  In  fact,  many  critical  periods 
have  been  passed.  Any  untoward  accident  at  Sharp's  Heading  diir- 
ing  the  flood  stage  of  the  river  would  have  rendered  the  entire  Im- 
perial country  untenable.     An  accident  there,  such  as  a  wash-out  of 
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the  waste-gate  which  drops  water  some  20  ft.,  would  have  deprived 
the  canal  system  of  water — a  serious  situation  for  a  region  in  which 
even  the  water  for  domestic  use  is  supplied  by  the  canals. 

But  the  danger  of  a  general  inundation  passed  when  New  River, 
in  June,  1906,  had  carried  the  head  of  a  great  barranca,  which  it 
was  cutting  in  the  plain,  past  Calexico  and  Mexicali,  and  had 
drained  much  of  the  overflowed  region  lying  to  the  south  of  the 
boundary  line.  Then  the  question  arose,  would  the  river  be 
turned  before  this  back  cutting  reached  the  Alamo  above  Sharp's 
Heading,  drawing  the  water  from  the  canals;  or  would  the  dreaded 
water  famine  have  to  be  faced  even  while  the  whole  river  went 
rushing  by  ?  This  question  is  again  pending,  now  that  the  engi- 
neers at  the  Lower  Mexican  Heading  have  failed  to  hold  the  river 
m  its  proper  channel. 

The  topographic  features  of  the  country  make  it  plain  why  all 
this  has  happend.  The  river,  like  all  turbid  streams,  is  still  build- 
ing lip  the  alluvial  country  through  which  it  flows.  It  drops  some 
of  its  silt  wherever  it  sends  its  water.  At  flood  stages,  when  there 
is  overbank  flow,  the  rate  of  silt  deposit  is  most  rapid  near  the 
river.  The  frequent  inundation  of  the  bank  lands  adds  to  their 
elevation  more  than  is  added  to  land  farther  away.  Therefore,  here, 
as  should  be  expected,  the  land  slopes  away  from  the  river. 

The  Colorado  River  flows  southerly  in  a  direction  in  which  the 
general  fall  of  the  ground  surface  is  only  about  IJ  ft.  per  mile, 
which  the  river  in  its  meanderings  cuts  down  to  an  effective  fall 
of  about  1  ft.  per  mile. 

Toward  Volcano  Lake,  southwest  from  the  river,  the  general 
surface  gradient  is  2  ft.  or  more  per  mile;  and  westward,  in  the 
direction  paralleling  Alamo  River,  it  is  nearly  3  ft.  per  mile  to  a 
point  near  Calexico.  Thence  northward  into  Salton  Basin,  on  lines 
of  greatest  slope,  the  country  falls  away  at  the  rate  of  from  4  to  5 
ft.  per  mile. 

These  gradients,  which  are  cross-country  gradients  and  do  not 
show  the  fall  of  the  water  surface  following  the  meanderings  of  the 
several  watercourses,  make  it  plain  that  the  river  while  flowing  in- 
land must  cut  deep  into  any  yielding  material.  Its  proper  fall  was 
about  120  ft.  in  its  course  from  Yuma  to  the  Gulf,  80  miles  dis- 
tant, whereas  it  now  falls  some   325  ft.   to  the  Salton   Sea  which. 
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in  the  general  direction  of  the  water's  flow,  is  only  from  5  to  10 
miles  farther  removed  from  Yuma.  The  excess  of  energy  repre- 
sented in  these  figures  has  been  largely  expended  by  the  river  in 
deepening  and  enlarging  its  new  bed. 

Channel  cutting  and  deepening  of  the  river-bed,  if  the  river  be 
not  turned,  will  in  time  extend  up  stream  far  above  Yuma,  and,  in 
such  event,  will  continue  until  the  rising  waters  in  Salton  Sea  re- 
duce the  excessive  river  gradients  that  prevail  during  the  Sea's  low 
stages.  Ultimately,  if  the  river  flows  inland  unchecked,  the  basin 
waters  will  overflow  at  or  near  Volcano  Lake.  The  river's  dis- 
charge will  then  be  into  the  southeastern  extremity  of  the  Sea, 
about  30  miles  westward  from  Pilot  Knob,  at  an  elevation  some- 
where in  the  neighborliood  of  30  ft.  above  sea  level,  and  the  process 
of  delta  building  at  the  river's  outfall  point  will  recommence  on  the 
lake  margin  and  will  continue  until  the  river  at  Pilot  Knob  is  re- 
stored to  its  original  height.  The  time  will  then  come  when  con- 
ditions of  slope  will  be  reversed,  when  there  will  be  greater  fall 
toward  the  Gulf  than  toward  Salton  Sea,  and  then  finally  the  river 
will  itself  resume  its  course  to  the  sea.  Centuries  would  probably 
elapse  before  this  would  occur. 

Early  Explorers  of  the  Lower  Colorado  River. 

An  exjDedition  sent  out  by  Cortes,  Viceroy  of  New  Spain,  in 
1539,  under  Francisco  de  UUoa  sailed  northwestward  from  Acapulco 
to  the  head  of  the  Gulf  of  California.  This  expedition  established 
the  fact  that  Lower  California  was  not  an  island,  but  a  peninsula,, 
and  that  there  was  probably  a  great  river  discharging  into  the  head 
of  the  Gulf;  but  the  river  was  not  entered. 

A  year  latex,  Francis  Vasco  de  Coronado,  then  Governor  of  New 
Galicia,  the  province  north  of  New  Spain,  was  commissioned  by 
Mendoza,  the  successor  of  Cortes  as  Viceroy,  to  explore  the  country 
to  the  northwest  with  the  specific  purpose  of  reaching  the  famed 
Seven  Cities  of  Cibola.  The  exploration  was  to  be  both  by  land  and 
sea.  Coronado  himself  led  the  land  party,  and  Captain  Hernando 
de  Alargon  was  placed  in  charge  of  three  ships  in  which  he  sailed 
up  the  Gulf  of  California  and  found  the  great  river,  as  had  l^een 
expected.  Coronado  had  already  started  northward  overland.  It 
was   evidently    expected    that   the   two   branches    of   the   expedition 
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would  be  in  communication  with  each  other,  from  which  fact  it 
appears  to  be  certain  that  the  existence  of  the  great  river  was  more 
than  mere  conjecture. 

Alargon  succeeded  in  overcoming  the  difficulties  of  entering  the 
mouth  of  the  river,  and  won  the  friendship  of  the  Indians,  who  as- 
sisted him  in  ascending  the  river  in  boats,  which  were  for  the  most 
part  towed  with  ropes  by  the  Indians.  His  first  journey  up  stream 
occupied  15  days,  and  he  returned  down  stream  in  less  than  3  days. 
Preparations  were  then  made  for  a  longer  absence  from  his  ships, 
and  the  river  was  again  ascended  probably  to  some  point  nearly  100 
miles  above  Yuma.  A  cross  was  erected,  and  messages  were  left 
for  Coronado,  should  he  reach  the  river. 

Meanwhile,  Coronado,  who  was  far  to  the  northeast,  had  de- 
tached Captain  Melchior  Diaz  from  the  main  body  of  explorers  to 
attempt  a  junction  with  Alargon.  Diaz  reached  the  Colorado  and 
leai'ned  that  boats  had  ascended  the  river  to  a  point  3  days'  journey 
below.  He  reached  that  spot  and  found  letters  from  Alargon  who, 
at  that  time,  however,  had  already  departed  from  his  main  camp  at 
the  mouth  of  the  river.  Diaz  made  a  short  exploration  to  the  west 
of  the  Colorado  River,  but  the  country  was  too  forbidding  to 
promise  any  result  of  value. 

Concerning  the  subsequent  fate  of  Diaz,  Mr.  F.  S.  Dellenbaugh, 
in  his  entertaining  narrative,  "The  Romance  of  the  Colorado 
River,"  says : 

"A  dog  belonging  to  the  camp  pursued  the  little  flock  of  sheep 
that  had  been  driven  along  to  supply  the  men  with  meat,  and  Diaz 
on  his  horse  dashed  toward  it,  at  the  same  time  hurling  a  spear. 
The  spear  stuck  in  the  ground  instead  of  striking  the  dog,  and 
the  butt  penetrated  the  Captain's  abdomen,  inflicting  under  the 
conditions  a  mortal  wound.  The  men  could  do  nothing  for  him 
except  carry  him  along,  which  for  20  days  they  did,  fighting  hostile 
natives  all  the  time.  Then  he  died.  On  the  18th  of  January 
(1.541)  they  arrived  without  their  leader  at  the  settlement  from 
which  they  had  started  some  three  months  before." 

Sixty-three  years  lator  (in  1604)  Don  Juan  de  Onate,  a  wealthy 
governor  of  New  Mexico,  reached  the  Colorado  River,  at  the  mouth 
of  the  Bill  Williams  Fork,  and  traveled  down  the  stream  to  the 
Gulf. 

Padre  Eusibio  Francisco  Kino  was  the  next  traveler  whose  visit 
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to  the  mouth  of  the  Colorado  is  recorded.  He  crossed  the  river  in 
1701,  about  a  day's  journey  above  its  mouth,  and  in  the  spring  of 
1702  was  at  its  mouth. 

Ugarte  reached  the  moutli  of  the  Colorado  by  way  of  the  Gulf  of 
California  in  1721,  and  it  was  again  visited  in  1744  by  Fernando 
Consay,  who  ascended  the  Gulf  looking  for  suitable  mission  sites. 

In  1771  Padre  Garces  descended  the  Gila  to  the  Colorado,  and 
continued  down  the  latter  probably  to  its  mouth.  In  1776  he  again 
journeyed  down  the  river  from  Yuma  to  the  Gulf. 

In  1826  Lieut.  E.  W.  H.  Hardy,  of  the  British  Navy,  in  the 
schooner  Bruja,  sailed  up  the  Gulf  and  met  with  some  mishaps  to 
his  vessel  at  the  mouth  of  the  river.  He  mistook  the  channel  which 
now  bears  the  name  Hardy's  Colorado  for  the  main  stream,  and 
thought  the  river  proper  was  iJie  Gila.  He  named  the  islands  which 
lie  in  the  head  of  the  Gulf,  Montague  and  Gore. 

Two  trappers,  James  P.  Pattie  and  his  father,  who  had  in  1825 
made  a  long  journey,  paralleling  the  canon  of  the  Colorado  from 
the  mouth  of  the  Gila  up  to  the  river's  sources  in  Colorado  and 
Wyoming,  again  reached  the  river  in  1827,  and,  being  robbed  of 
their  horses  by  the  Indians,  decided  to  make  a  trip  down  the  Colo- 
rado to  the  settlements  supposed  to  be  at  its  mouth.  They  made 
the  trip  leisurely,  but  could  find  no  settlements,  and  were  finally 
turned  back  by  the  fierce  currents  of  the  ebb  and  flood  tides  in  the 
mouth  of  the  river,  and  after  many  hardships  reached  the  Pacific 
Coast. 

Ever  since  1850  there  has  been  an  Americaii  settlement  on  the 
river  at  Yuma,  and  the  river  has  been  explored  repeatedly  above 
and  below  that  point.  Lieut.  G.  H.  Derby,  in  the  winter  of  1850-51, 
made  an  exploration  of  the  waters  at  the  mouth  of  the  river,  and 
his  expedition  was  met  by  boats  sent  down  the  river  by  Major  Heint- 
zelman  then  stationed  at  Yuma. 

The  first  steamboat  on  the  river  below  Yuma  commenced  making 
trips  about  1853. 

In  1857  Lieut.  J.  C.  Ives,  in  a  small  steamboat,  The  Explorer, 
brought  to  the  river  in  sections,  ascended  to  Black  Canon,  and 
continued  his  explorations  overland  to  points  on  the  Grand  Canon. 

The  records  of  some  of  the  early  explorations  are  meager,  but, 
when  taken  in  their  entirety,  the  important   fact  seems  to  be  well 
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ebtablished  that  the  Colorado  River  has  not,  for  any  protracted 
period  in  historic  times,  abandoned  its  course  into  the  Gulf  of  Cali- 
fornia, and  that  at  no  time  since  its  discovery,  nearly  400  years  ago, 
has  there  been  any  general  submersion  of  the  Colorado  Desert. 

This  knowledge  is  valuable  because  quite  recently — in  geologic 
time — there  has  been  a  great  fresh-water  lake  covering  the  desert  to 
an  elevation  about  30  ft.  above  sea  level.  This  lake  has  left  its 
borders  plainly  marked  upon  the  ground.  The  beach  line  is  clearly 
defined  and  can  be  traced  around  the  ancient  lake  bed.  An  inter- 
esting fact  in  reference  to  this  basin  was  discovered  in  1905,  when 
an  outline  topographic  survey  was  made  of  the  basin,  once  full  of 
water,  by  the  U.  S.  Geological  Survey  (W.  Carvel  Hall  being  in 
charge  of  the  field  work).  It  was  found  that  subsequent  to  the  time 
when  water  had  filled  this  basin  there  had  been  an  upheaval  of  the 
country  along  its  eastern  margin  to  the  extent  of  20  ft.  or  more. 
The  beach  line,  which  at  the  western  margin  of  the  ancient  lake  is 
about  30  ft.  above  the  sea,  is  in  the  neighborhood  of  50  ft.  above  on 
the  eastern  margin.  No  information  is  at  hand  as  to  whether  this 
upheaval  was  gradual  or  sudden;  but,  as  there  do  not  appear  to  be 
any  secondary  beach  lines  below  the  well-defined  ancient  beach,  it 
appears  reasonably  certain  that  the  upheaval  was  subsequent  to  the 
existence  of  the  lake. 

Earthquakes. 

In  connection  with  this  probable  uplift  on  the  Colorado  River 
side  of  the  Salton  Basin,  it  may  be  noted  that  it  is  believed  that  a 
southern  continuation  of  the  great  fault  line  along  which  there  was 
some  movement  on  April  18th,  1906,  both  north  and  south  of  San 
Francisco,  causing  an  earthquake  on  that  day,  passes  southward  into 
the  Gulf  of  California  through  the  Salton  Basin.  At  about  4  p.  M. 
on  the  day  of  the  San  Francisco  earthquake,  there  was  an  earth- 
quake in  the  Imperial  country,  apparently  most  severe  near  Braw- 
ley.  It  is  reported  to  have  caused  considerable  breaking  down  of 
the  high  vertical  alluvial  banks  along  the  newly  eroded  barranca  of 
New  River. 

On  November  9th,  1852,  there  was  an  earthquake  in  the  south- 
eastern portion  of  California,  in  southwestern  Arizona  and  in  parts 
of  Lower  California,  of  which  Dr.  Blake  (1853)  says: 
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''The  earthquake  of  1852  (November)  was  sufficiently  violent 
to  break  off  a  piece  of  Chimney  Peak  and  to  open  fissures  in  the 
clay  of  tlie  desert." 

Referring-  to  the  same  earthquake,  Lieut.  J.  C.  Ives  (Explo- 
ration of  1857)  relates  that  in  November,  1852,  a  schooner  at  anchor 
30  miles  above  the  mouth  of  the  Colorado  River,  floating  in  14  ft.  of 
water,  had  an  earthquake  experience.  There  was  a  rumbling  sound 
and  a  shock,  and  then  suddenly  sand  arose,  leaving  the  vessel 
aground  with  only  3  ft.  of  water  around  it.  It  was  floated  ofF  by 
the  succeeding  spring  tides. 

The  Ancient  Lake  of  the  Colorado  Desert. 

That  there  was  at  one  time  a  lake  or  inland  sea  of  large  extent 
in  the  Colorado  Desert,  covering  somewhat  more  than  the  area 
which  is  below  sea-level,  was  recognized  by  Dr.  William  P.  Blake, 
the  geologist  of  the  exploring  expedition  for  a  railroad  route  from 
the  Mississippi  westward  to  the  Pacific  Ocean  (1853  to  1855).  The 
character  of  the  water  which  filled  the  basin  is  knovsra  from  the 
shells  still  found  there  in  large  numbers.  It  was  fresh  water,  or 
water  only  slightly  brackish. 

There  is  no  doubt  that  this  ancient  lake  was  cut  off  from  the 
north  end  of  a  long  narrow  arm  of  the  ocean  which  extended  into 
California  to  near  Indio,  and  was  a  northerly  continuation  of  the 
G\\\i  of  California.  At  the  period,  in  geologic  history,  when  the 
Gulf  of  California  thus  extended  inland  some  150  miles  farther 
than  at  present,  the  Colorado  River  had  its  mouth  upon  the  eastern 
shore  of  this  great  bay  at  or  near  the  point  where  Yuma  is  now 
located.  The  river's  water  surface  at  that  point  was  then  prac- 
tically at  sea  level;  it  is  now,  varying  with  the  water  stage  (high  or 
low),  from  117  to  130  ft.  above  sea  level. 

The  river  then,  as  now,  carried  seaward  a  large  quantity  of  silt. 
This  quantity  is  now  in  the  neighborhood  of  50  sq.  mile-ft.  ])er 
year  (1  ft.  deep  over  50  sq.  miles)  ;  in  the  past,  during  ages  of 
greater  rainfall  and  greater  erosion,  it  may  have  been  much  greater 
than  this.  Whatever  the  rate  at  which  this  material  was  delivered, 
it  has  been  sufficient  in  the  course  of  time  to  build  up  the  present 
river  delta,  to  push  a  delta  cone  entirely  across  the  long  bay  to  the 
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base  of  the  Cocopah  Mountains  in  Lower  California,  to  push  the 
head  of  the  Gulf  southward  to  a  point  about  80  miles  from  Yuma 
(more  than  100  miles  by  river),  and  to  build  up  the  valley  lands  in 
Yuma  to  their  present  elevation,  about  100  ft.  above  the  sea.  The 
river  has  thus  built  a  barrier  of  silt  across  what  was  once  a  great 
submarine  valley.  This  barrier,  which  was  not  the  work  of  a  day, 
but  was  many  centuries  in  building,  trapped  the  water  of  the  upper 
end  of  the  prehistoric  gulf  and  created  the  inland  lake. 

Subsequent  to  the  formation  of  this  lake,  the  building  up  of  the 
river's  delta  cone  continued  until  the  lowest  point  of  the  ground 
(not  channel  beds)  on  the  broad,  flat  barrier  which  now  separates  the 
Gulf  of  California  from  the  Salton  Basin  was  raised  to  about  30 
ft.  above  sea  level. 

This  elevation  of  30  ft.  was  then,  approximately  at  least,  the  ele- 
vation of  the  lake  water  surface. 

Referring  to  this  ancient  lake,  Dr.  Blake  (1855)  says : 

"The  former  existence  of  a  fresh  water  lake  in  the  northern  part 
of  the  desert  is  shown,  not  only  by  the  extensive  deposits  of  alluvial 
or  lacustrine  clay,  containing  fossils,  but  by  the  existence  of  ex- 
tended shore  lines  and  beaches  along  the  sides  of  the  bordering 
mountains." 

After  alluding  to  the  Indian  tradition  of  great  floods  which 
had  brought  devastation  to  this  region,  he  says : 

"The  present  oiitflows,  though  but  very  slight,  are  probably  simi- 
lar, and  yet  it  is  possible  that  the  interior  of  the  desert  might  be 
deluged  at  the  present  day,  provided  no  elevation  of  the  land  has 
taken  place,  and  the  river  should  remain  at  a  great  height  for  a 
long  time — long  enough  to  cause  the  excavation  of  a  deep  channel 
for  New  River." 

The  Indian  tradition  relating  to  the  ancient  Salton  Sea  is  thus 
given  by  Dr.  Blake : 

"The  great  water  (agiia  grande')  covered  the  whole  valley  and 
was  filled  with  fine  fish.  There  were  also  plenty  of  ducks  and 
geese.  ■»  *  *  Their  fathers  lived  in  the  mountains  and  used  to 
come  down  to  the  lake  to  fish  and  hunt.  The  water  gradually  sub- 
sided, 'poco,'  'poco'  (little  by  little),  and  their  villages  were  moved 
down  from  the  mountains  into  the  valley  it  had  left.  They  also 
said  that  the  waters  once  returned  very  suddenly  and  overwhelmed 
many  of  their  people  and  drove  the  rest  back  to  the  mountains." 
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The  River  Delta. 

It  may  well  be  imagined  that,  in  the  upbuilding  of  the  delta 
lands  of  the  Colorado,  the  river  made  many  changes  in  its  point  of 
outflow.  Its  mouth  swung  back  and  forth  between  Lake  and  Gulf, 
and  there  may  have  been  many  long  periods  in  which  its  entire 
flow  was  either  to  the  one  or  to  the  other. 

The  Colorado  Desert  was  dry  or  nearly  dry  once  before  the  long 
dry  period  of  our  own  day.  This  is  shown  by  the  mark  which  the 
inrushing  water  that  refilled  the  basin  has  scored  across  the  valley 
lands.  Then,  as  to-day,  the  water  cut  deep  into  the  alluvial  soil, 
taking  a  course  down  the  easterly  side  of  the  valley  and  discharging 
into  the  remnant  of  a  sea  which  probably  had  its  southerly  margin 
some  miles  to  the  southward  of  Brawley.  The  remnant  of  one  of 
the  bluffs  of  this  channel,  now  a  well-defined  bank  of  gradual  slope, 
can  be  seen  some  miles  east  from  Imperial. 

When  an  examination  is  made  of  the  light  alluvial  material 
with  which  the  river  has  built  its  delta  cone,  and  the  ease  is  con- 
sidered with  which  the  river  cuts  the  banks  in  this  material,  one 
may  well  be  surprised  that  it  has  not  long  ago  resumed  its  flow  into 
the  Colorado  Desert,  to  which  course  it  is  invited  by  the  steeper 
gradients  of  the  surface  of  the  ground  in  that  direction,  as  above 
noted.  The  main  force  resisting  this  change  is  probably  the  ob- 
struction offered  to  channel  cutting  in  bank  lands  by  the  dense  and 
luxuriant  plant  growth  which  is  found  wherever  moisture  is  avail- 
able. The  growth  of  vegetation  is  rank;  grasses,  weeds,  willows, 
Cottonwood  and  other  trees  cover  the  stream  banks  with  a  dense 
thicket  through  which  water  cannot  flow  with  sufiicient  current  to 
cut  a  channel.  Should  it  happen  that  an  open  spot  is  found  and  the 
flow  is  concentrated  across  such  a  spot,  then  drift  will  there  begin 
to  run,  which,  by  lodging  in  the  brush  beyond,  aids  the  silt  dropped 
by  the  water  and  soon  builds  up  the  open  spot  to  even  greater  height 
than  the  remainder  of  the  bank.  Unusual  conditions  and  excep- 
tional combinations  of  circumstances  are  required  to  permit  a  sufii- 
cient concentration  of  the  flowing  water,  and  for  such  a  time  and 
distance  that  channel  cutting  can  be  caused  by  the  overbank  flow, 
anywhere  near  the  main  stream. 

Whenever  a  delta  slough,  a  recipient  of  overflow  water,  shows  a 
tendency  to  cut  its  head  closer  to  the  river  channel,  the  rosulting 
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increased  overbank  discharge  toward  this  point  causes  rapid  accre- 
tion to  the  bank  land  and  a  piling  up  of  silt  and  drift  that  quickly 
shuts  off  the  supply  of  water  necessary  to  advance  the  new  channel 
farther  toward  the  parent  stream. 

The  various  flood-fed  streams  which  flow  down  the  delta  cone  of 
the  Colorado  River  westward  from  its  proper  channel  are  therefore 
without  direct  coniieetion  with  this  channel.  Their  waters  accumu- 
late in  the  brush  thickets  on  the  bank  lands  from  "which  they  emerge 
in  small  streams  some  miles  from  the  river.  A  number  of  such 
small  streams  unite  to  form  large  watercourses  such  as  the  Pescadero 
River  and  the  Rio  Paredones. 

The  Alamo  River  was  of  the  same  character  as  these  other 
streams  before  it  was  connected  with  the  Colorado  artiflcially. 

Reference  to  the  map.  Fig.  1,  will  give  a  better  idea  of  the  loca- 
tion of  these  several  watercourses  than  can  be  given  in  words.  It 
may  be  stated,  however,  that  the  several  channels  which  cross  the 
international  boundary  line  from  Mexico  into  the  State  of  Cali- 
fornia, were  by  early  travelers  referred  to  as  New  River  or  branches 
of  New  River.  The  name  Alamo  is  now  applied  to  the  watercourse 
which,  heading  in  Mexico  some  8  to  12  miles  southeast  from  Pilot 
Knob,  was  fed  by  overbank  flow  from  the  Colorado  River,  holds  a 
western  and  northwestern  course  along  the  base  of  the  sand  hills 
lying  to  the  north  until  it  enters  California  about  40  miles  in  an 
air  line  westward  from  the  Colorado;  continuing  northward,  it 
empties  into  the  Salton  Sea.  This  river,  or  some  portion  of  it,  is 
sometimes  referred  to  as  Carter's  River  and  as  Salton  River. 

In  the  mesquite  and  arrow-weed  thicket  at  the  original  head 
of  the  Alamo,  there  was  an  occasional  accumulation  of  so  much 
water,  and  submersion  of  so  much  land,  that  the  locality  was  called 
"the  Lagoons"  {Las  Lagunas) .  Although  these  lagoons  received 
water  at  practically  every  high-water  stage  of  the  river,  they  did 
not  always  yield  enough  to  the  Alamo  River  to  produce  a  flow 
throughout  the  river's  entire  length.  In  other  words,  there  were 
many  years  in  which  the  Alamo  did  not  discharge  any  water  into  the 
lowest  portion  of  the  Salton  Basin. 

The  lagoons,  in  addition  to  feeding  the  Alamo,  appear  also  to 
have  been  one  of  the  sources  of  supply  for  the  Rio  Paredones.  This 
stream,  which  is  also  known  as  Quail  River  and  as  Middle  River 
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{Rio  Medio)  takes  a  southwesterly  course  down  the  backbone  of  the 
delta  cone.  The  water  which  overtops  the  right  bank  of  the  Colo- 
rado at  i)oints  from  5  to  10  miles  below  Pilot  Knob  is  the  principal 
source  of  supply  for  the  feeders  of  Kio  Paredones.  The  Spanish 
word,  Paredon,  means  big  wall.  The  name  of  the  river,  therefore, 
implies  high  banks  or  a  well-delined  channel,  which  is  true  at  least 
of  certain  portions  of  the  watercourse.  It  flows  practically  on  the 
crest  of  the  divide  between  the  Gulf  and  the  lake,  and  terminates 
t.t  Volcano  Lake,  which  is  probably  the  remnant  of  a  broad  outflow 
channel  which  at  one  time  connected  the  ancient  Salton  Sea  with 
the  Gulf.  At  freshet  stages  of  the  Colorado  the  Paredones  channel 
may  be  surcharged,  and  it  then  spills  water  overbank  to  the  south 
into  feeders  of  Pescadero  River  and  to  the  north  into  feeders  of  New 
River. 

Volcano  Lake  is  crowded  against  a  low,  narrow  bench  at  the  base 
of  the  Cocopah  range  of  mountains.  Its  bed  is  at  an  elevation  of 
about  15  to  20  ft.  above  sea  level  and  its  high-water  stage  is  about 
22  to  25  ft.  above  sea  level.  The  bench  land  to  the  west  has  probably 
been  built  up  by  the  miid  volcanoes  which  are  still  active  along  the 
western  margin  of  the  lake.  These  are  of  the  well-known  type  of 
solfaternos,  and  present  the  usual  characteristics  of  hot  mud  springs. 
Well-traveled  Indian  trails  to  several  pools  of  moderately  hot  mud 
indicate  their  popularity  as  a  cure  for  rheumatic  ills.  They  are 
located  at  the  base  as  well  as  on  the  top  of  the  raised  area  above 
designated  as  a  bench.  Some  of  them  are  submerged  at  high  lake 
stages.  Their  activity  seems  to  be  somewhat  intermittent.  During 
the  one  night  that  the  writer  camped  among  them,  their  puffing, 
blowing  and  sputtering  were  vigorous  and  quite  general  in  the 
evening  and  during  the  early  hours  of  the  night,  but  they  were 
very  quiet  early  in  the  morning.  The  outlying  springs  frequently 
take  the  form  of  miniature  volcanoes,  perfectly  cone-shaped,  about  '6 
to  5  ft.  high,  with  steam  issuing  from  small  (6  to  9-in.)  circular 
openings  in  the  top.  In  many  cases  a  cone  of  this  character  has  a 
shattered  side,  and  the  bubbling  mud  is  held  in  place  by  a  rim  of 
caked  material  extending  out  from  the  side  of  the  original  cone. 
In  other  cases  the  boiling  mud  forms  large  pools  in  which  there  are 
spots  of  special  activity.     The  bursting  of  gas  bubbles,  sometimes 
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a  foot  or  more  in  diameter,  throws  the  mud  several  feet  into  the 
air  in  great  thin  semi-liquid  slabs. 

The  main  outlet  of  Volcano  Lake  is  Hardy's  Colorado,  which 
flows  from  the  southwest  extremity  of  the  lake  and  joins  Colorado 
River  just  above  its  entrance  into  the  Gulf.  Pescadero  River,  al- 
ready referred  to,  is  tributary  to  Hardy's  Colorado.  Hardy  River, 
where  it  leaves  the  lake,  is  a  channel  several  hundred  feet  wide 
and  probably  15  or  20  ft.  deep  at  high  stages. 

Volcano  Lake  has  a  secondary  outlet  toward  the  north.  This  is 
the  channel  to  which  the  name  New  River  has  in  recent  times  been 
restricted.  New  River,  at  the  lake  margin  and  for  some  distance 
toward  the  north,  is  not  a  waterway  of  large  capacity.  Its  bed  is 
not  as  low  as  that  of  Hardy's  Colorado.  Less  than  i  mile  from  the 
lake,  this  channel  sends  off  a  branch,  Salt  Slough,  toward  the  south,' 
to  a  union  with  Hardy's  Colorado.  The  mud  volcanoes  lie  upon  the' 
high  ground  between  the  Salt  Slough  and  Volcano  Lake. 

The  part  of  New  River  near  Volcano  Lake,  Salt  Slough,  Volcano 
Lake,  and  Hardy's  Colorado,  are  possibly  remnants  of  the  water- 
ways which  connected  the  ancient  Salton  Sea  with  the  Gulf.  New 
River  northward  from  this  point  was  originally  a  rather  ill-defined 
channel,  here  and  there  lost  in  mesquite  thickets.  It  held  a  course 
northward  from  Volcano  Lake  to  the  salt  beds  of  the  Salton  Basin.' 
Its  flow  was  irregular,  depending  upon  the  duration  of  the  high- 
water  stages  of  the  Colorado  River  and  the  amount  of  the  overflow 
which  reached  the  Alamo  and  Rio  Paredones.  The  river  is  the 
recipient  of  the  water  draining  from  the  low  area  which  lies  be- 
tween these  two  rivers.  Therefore,  it  receives  the  overbank  dis- 
charges of  the  Alamo  toward  the  south,  and  of  the  Paredones  toward' 
the  north.  These  discharges  were  ordinarily  of  no  great  moment, 
but  since  the  river  has  made  the  Alamo  its  main  channel  and  the 
natural  capacity  of  the  Alamo  has  been  restricted  by  the  structures 
maintained  at  Sharp's  Heading,  there  has  been  a  large  flow  of 
water  overbank  from  this  river.  The  lower  section  of  New  River 
has  become  the  channel  for  the  delivery  of  this  water  into  Salton 
Sea.  New  River  crosses  the  international  boundary  about  8  miles 
west  from  the  point  where  this  boundary  line  is  crossed  by  the 
Alamo.     The  small  towns,  Mexicali  and  Calexico,   are  adjacent  to 
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each  other  upon  the  two  sides  of  the  boundary  line  and  on  the  east 
bank  of  New  River.  Before  the  changes  in  the  character  of  the 
river-bed  which  took  place  during  1906,  the  river  had  no  well-de- 
fined channel  at  this  point;  it  occupied  a  broad  swale,  pushing  its 
way  through  the  open  spots  in  the  scattered  growth  of  mesquite,  and 
the  water  which  it  ordinarily  received  was  for  the  most  part  lost  by 
seepage  and  evaporation  before  reaching  the  salt  beds. 

But  there  have  been  occasional  seasons  in  which  extraordinary 
flood  conditions  prevailed;  and  Alamo  and  New  Rivers  became 
flowing  streams  and  the  salt  beds  a  lake  of  water.  Lieut.  Bergland 
learned  from  residents  on  or  near  the  Colorado  (1875-70)  that 
in  the  years  1840,  1852,  1859,  1862,  and  1867  there  had  been  great 
floods  of  this  character  in  the  New  River  country,  and  refers  to  an 
account  by  a  traveler  in  the  desert  in  1862  who  reports  having 
seen  in  the  Salton  Basin  a  great  lake  60  miles  long  and  20  miles 
wide.  This,  of  course,  is  an  over-estimate  of  size,  as  it  would  have 
taken  the  river  many  years  to  send  overbank  enough  water  to  flood 
so  large  a  portion  of  the  basin.  To  the  high-water  years  mentioned 
by  Lieut.  Bergland  others  may  now  be  added.  Professor  Blake  re- 
fers to  the  year  1849  as  having  been  reputed  the  first  in  which  the 
Colorado  sent  an  overbank  flow  into  the  New  River  country.  Lie 
recognized  at  once,  however,  that  this  must  have  happened  many 
times  before.  In  Febrviary,  1891,  the  Colorado  rose  to  an  unusually 
high  stage,  the  water  at  that  time  being  contributed  mainly  by  the 
Gila  and  its  tributaries.  It  overtopped  its  banks  below  Yuma,  and 
submerged  large  areas  along  the  Alamo  and  New  Rivers.  Enough 
water  reached  the  salt  beds  to  submerge  them  and  to  cause  much 
speculation  by  the  uninformed  as  to  the  source  of  supply  for  the 
lake  which  had  suddenly  made  its  appearance.  The  years  1905  and 
1906  are  also  to  be  added  to  the  flood  years,  but  the  original  condi- 
tions of  temporary  overbank  flow  during  freshet  stages  have  been 
modified,  the  river  having  elected  during  these  years  to  discharge  in- 
land instead  of  to  the  Gulf. 

The  Irrigation  op  the  Colorado  Desert. 
The  reclamation  of  the  Colorado  Desert  in  California  by  irriga- 
tion is  not  a  new  idea.     Prompted  by  the  project  of  Dr.  O.  M.  Woz- 
encraft   and   his    associates,   the  Legislature   of   California    in   1859 
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adopted  a  memorial  to  Congress  requesting  that  3  UOO  OOU  acres  of 
land,  the  southeastern  portion  of  California,  be  ceded  to  the  State 
for  reclamation  by  irrigation.  It  was  proposed,  on  the  basis  of  this 
expected  cession,  to  authorize  the  construction  of  irrigation  works 
by  a  private  corporation,  and  the  location  of  a  canal  partly  in 
JMexico  was  apparently  not  considered  a  formidable  obstacle.  On 
this  application  of  the  State,  the  Committee  in  the  House  of  Rep- 
resentatives made  a  favorable  report  (1862),  but  the  measure  failed 
to  pass,  presumably  due  to  the  objection  of  the  Commissioner  of 
the  Land  Office,  who  looked  upon  the  scheme  as  one  put  forth  for 
the  prime  advantage  of  its  promoters. 

It  is  of  interest,  however,  in  connection  with  this  application 
for  a  cession  of  land,  to  learn  from  the  testimony  of  Dr.  Wozen- 
craft  that  the  lands  of  the  Colorado  Desert  were  to  be  reclaimed  by 
irrigation,  and  that  his  engineer,  Mr.  Ebenezer  Hadley,  County 
Surveyor  of  San  Diego  County,  in  reporting  on  this  project,  recom- 
mended a  canal  location  which  was  practically  identical  with  that 
actually  adopted  more  than  40  years  later.  Mr.  Hadley  said  among 
other  things  that  irrigation  was  practicable,  as  water  from  the 
Colorado  River  flows  there  now.  He  stated  that  he  had  found  by 
actual  survey  that  there  was  a  fall  of  5  ft.  per  mile  available  along 
the  proposed  canal  route.  He  called  attention  to  the  necessity  of 
carrying  water  through  Mexican  territory.  He  proposed  a  canal,  25 
ft.  wide  and  10  ft.  deep,  which  was  to  i-ap  the  river  at  the  point 
of  rocks  adjoining  Pilot  Knob  and  immediately  above  the  inter- 
national boundary  line.  This  is  probably  the  exact  point  at  which 
the  California  Development  Company  has  recently  constructed  a 
concrete  headgate.  Referring  to  the  names  of  the  natural  channels 
of  the  New  River  country,  Mr.  Hadley  says : 

"Water  having  passed  through  one  of  these  channels  from  Colo- 
rado River  soon  after  our  acquisition  of  the  country  it  was  called 
New  River;  the  other  may  be  justly  called  Old  River." 

On  this  subject  of  New  River,  Dr.  Blake,  on  December  5th, 
1853,  wrote : 

"We  passed  two  canal-like  channels  or  wide  gullies  in  the  svir- 
face,  with  mesquite  trees  growing  in  the  bottom,  and  evidences  of 
the  presence  of  water  at  a  former  period.  Shells  of  'anodonta'  and 
small  spiral   shells   were  abundant.      These  channels  probably  com- 
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municate  with  the  two  lagoons,  and  may  be  the  bed  of  the  stream 
called  New  River,  so-called  from  the  fact  of  its  sudden  appearance 
in  1849.  At  that  time  the  Colorado  River  was  very  high,  and  broke 
over  a  part  of  its  banks  between  the  mouth  of  the  Gila  and  the  head 
of  the  Gulf.  The  water  flowed  inland,  running  backward  through 
the  desert  toward  the  center  of  the  valley  once  occupied  by  the 
ancient  lake;  thus  proving  the  valley  to  be  lower  than  the  banks  of 
the  river  at  the  place  of  the  overflow.  Major  W.  H.  Emory,  and 
party,  who  crossed  the  desert  from  the  Colorado  to  Carizo  Creek  in 
1846,  does  not  mention  this  stream  or  any  indication  of  its  pre- 
existence.  He  mentions,  however,  that  he  was  informed  by  a  Mexi- 
can that  a  running  stream  would  be  found  a  league  west  of  the 
Alamo  (Alamo  Mocho,  a  camping  place). 

"Parties  were  sent  out  to  search  for  the  water,  but  no  stream 
could  be  found.  The  appearance  of  the  stream  in  1849  was  a  sub- 
ject of  general  surprise  and  wonder;  and  was  an  unexpected  relief 
to  the  many  emigrant  parties  who  crossed  the  desert  that  year.  It 
is  the  general  belief  that  this  overflow  was  the  first  of  its  kind,  but 
it  has  evidently  often  taken  place  before." 

Dr.  Blake,  further,  says  of  New  River: 

''It  derives  its  supply  from  the  Colorado  River  only  at  high 
water,  and  is  probably  fed  through  numerous  and  ramified  chan- 
nels of  slight  depth.  The  precise  locality  of  the  entrance  of  the 
stream  is  not  known ;  this  renders  it  more  probable  that  there  is  not 
a  well-defined  channel  at  the  Colorado,  but  that  the  water  spreads 
over  the  banks  and  afterward  collects  in  one  channel." 

The  feasibility  of  diverting  water  from  the  Colorado  at  or  be- 
low the  lower  end  of  the  Grand  Canon  was  investigated  in  1875 
and  1876  by  Lieut.  Eric  Bergland,  Corps  of  Engineers,  U.  S.  Army, 
who  acted  under  the  direction  of  Lieut.  George  M.  Wheeler.  His 
investigations  disclosed  the  difiiculty  of  locating  a  diverting  canal 
on  United  States  territory,  and  he  reached  the  conclusion  that  the 
most  feasible  route  for  a  canal  would  be  below  the  boundavy  line. 
The  following  is  from  his  report : 

"Below  the  Purple  Hills  there  are  no  formidable  mountain 
ranges  on  the  west  side  of  the  river,  except  a  short  detached  range, 
called  the  Cargo  Muchacho,  and  Pilot  Knob.  The  divide  between 
these  mountains  is  about  278  ft.,  while  the  altitude  of  the  water- 
surface  at  Fort  Yuma  is  120  ft.  A  canal  through  this  opening 
would  therefore  require  a  cutting  of  nearly  160  ft.,  and,  besides, 
would  have  to  cut  through  the  sand  ridge  west  of  Pilot  Knob  in 
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Fig.  1.— Alamo  River,  at  Holtville  Railroad  Bridge.  ArorsT  31st.  lUOf.. 


Fig.  2.— The  Ruined  Field,  Near  New  River,  About  4  Miles  Northwest  of 
Calexico,  September  Sd,  1900. 
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order  to  gain  lower  ground  more  rapidly  than  by  keeping  to  the 
north  of  the  sand-hills.  Even  in  this  case  the  length  of  the  canal 
from  Fort  Yuma  to  the  point  where  the  surface  of  the  ground  is  of 
the  same  altitude  as  the  water-surface  at  the  latter  place  would  be 
at  least  30  miles  long. 

"These  conclusions  are  arrived  at  from  data  obtained  from  the 
Texas  Pacific  Kailroad  surveys,  and  also  from  levels  run  by  my 
party  from  Hanlon's  Ferry  over  the  divide  north  of  Pilot  Knob. 
In  order  that  the  canal  should  be  entirely  within  the  California 
boundary,  it  must  cross  the  divide  to  the  north  of  Pilot  Knob.  This, 
as  has  already  been  shown,  would  necessitate  a  long,  deep  cutting, 
partly  through  rock,  and  a  passage  through  the  sand  ridge.  This 
passage  could  only  be  effected  by  means  of  a  flume  or  tunnel,  to 
protect  it  from  filling  up  with  sand.  A  canal  from  some  point  be- 
low the  boundary  would  be  more  practicable  and  less  expensive  in 
construction  and  maintenance.  A  line  of  levels  was  run  from  Fort 
Yuma  to  Indian  Wells,  and  to  the  dry  canal  beyond.  ***** 
One  of  the  branches  of  New  River  leaves  the  Colorado  near  Algodon 
station,  and  this  artificial  (natural?)  channel  might  be  utilized  in 
the  construction  of  a  canal  for  diverting  the  water  of  the  river 
into  the  depressed  area  to  the  northwest.  The  exact  course  of  this 
canal  cannot  be  determined  without  further  surveys,  but  it  seems 
probable  that  it  would  be  necessary  to  run  it  below  the  boundary- 
line  nearly  as  far  as  Seven  Wells  in  order  to  avoid  the  sand  ridge. 
From  this  point  it  could  bend  more  or  less  toward  the  north,  ac- 
cording to  the  downward  slope  of  the  surface  in  that  direction.  The 
amount  of  cutting  required  is  difficult  to  estimate  without  further 
surveys,  b^^t  it  would  doubtless  be  moderate,  as  the  water  flows  into 
this  area  from  the  river  when  it  overflows  its  banks." 

Notwithstanding  this  report,  which  was  discouraging  to  all  who 
had  hoped  that  water  could  be  supplied  to  the  desert  in  a  canal  lo- 
cated, throughout  its  entire  length,  in  United  States  territory,  the 
promoters  of  irrigation  enterprise  continued  to  look  with  longing 
eyes  toward  a  project  which  would  make  the  desert  a  garden  spot. 
The  region  to  be  irrigated  was  well  known  to  travelers.  It  was ,  an 
uninhabited,  grassless,  barren  plain.  Its  productiveness  when 
water  was  made  available  could  be  taken  for  granted.  It  is  an  al- 
most rainless  region,  with  warm  summer  and  mild  winter  climate. 
Its  flat  surface  and  light  uniform  gradients  rendered  it  particularly 
attractive  to  the  irrigator>  .  - 

Finally,  Mr.  C.  R.  Eockwood  •  and  his  associates  conceived  and 
carried  out  the  idea  of  excavating  canals  on  privately  own^d  lands 
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in  Mexico.  This  was  done  apparently  without  any  franchise  from 
the  Mexican  authorities.  The  water  diverted  from  the  Colorado 
River  in  California,  in  a  short  canal  only  a  few  hundred  feet  long, 
arriving-  at  the  boundary  line  near  the  Colorado  River,  was  allowed 
to  fill  an  extension  of  this  canal  on  Mexican  territory  which  dis- 
charged into  the  Alamo  River  a  few  miles  farther  on.  The  natural 
flow  of  the  Alamo  was  westward  and  northward  into  California 
where  the  water  was  required  for  irrigation.  The  canals  to  distrib- 
ute this  water  to  the  several  districts  to  be  covered  could  he  taken 
out  of  the  Alamo  most  conveniently  in  Mexico,  and  so  a  secondary 
diversion  was  made  from  this  stream,  and  the  heads  of  several  canals 
which  flow  into  the  Imperial  country  were  located  south  of  the 
line  in  Mexico.  All  necessary  works  in  Mexico  were  located  upon 
land  owned  or  controlled  by  the  canal  companies,  and  the  entire 
course  of  the  Alamo  in  Mexico  was  through  this  land.  Interna- 
tional questions  were  thus  suppressed  or  held  in  the  background. 

Apparently  with  this  idea  of  avoiding  the  necessity  of  securing 
concessions  from  Mexico,  and  of  suppressing  international  ques- 
tions, the  Colorado  River  Irrigation  Company  was  organized  (1892), 
and  surveys  were  made  and  works  were  planned  to  deliver  water  in 
Mexico  and  in  the  Salton  Basin  for  irrigation  and  domestic  use; 
but  the  necessary  financial  backing  was  lacking,  and  this  company, 
after  several  years  of  preliminary  work,  failed.  Through  the  fur- 
ther efforts  of  Mr.  Rockwood,  a  second  corporation,  the  California 
Development  Company,  was  organized  (April  24th,  1896)  under 
the  laws  of  New  Jersey,  and  became  the  successor  in  interest  of  the 
properties  of  the  earlier  company.  At  the  head  of  this  company, 
managing  it  and  directing  its  fiscal  affairs,  was  the  late  Mr.  A.  H. 
Heber,  He  remained  at  its  head  until  the  reorganization  in  June, 
1905,  which  put  the  control  into  the  hands  of  the  Southern  Pacific 
Company. 

To  carry  out  the  plan  of  constructing  canals  in  Mexico  on  land 
controlled  by  the  Development  Company,  a  Mexican  corporation 
was  formed — "La  Sociedad  de  Irrigacion  y  Terrenos  de  la  Baja 
California  {Sociedad  Anonym)" — which  is  presumably  the  same 
corporation  which  subsequently  received  a  concession  from  Mexico 
— "La  Sociedad  de  Riegos  y  Terrenos  de  la  Baja  California  (So- 
ciedad Anonym).''     All  the  corporation  stock  of  this  Mexican  cor- 
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poration  was,  and  presumably  still   is,  owned  or  controlled  by   the 
California  Development  Company. 

The  Mexican  Company  Ihereiipon  acquired  from  Guillermo 
Andrade,  who  was  owner  of  a  colonization  concession,  a  tract  of 
land,  100  000  acres  in  area,  which  extended  along  or  near  the  inter- 
national boundary  westward  from  the  Colorado  River  to  beyond  the 
point  where  the  Alamo  crosses  the  line,  excluding  along  the  bound- 
ary only  the  barren  sand  hills  projecting  over  the  line  from  Cali- 
fornia. There  was  also  an  agreement  made  for  the  purchase  by  the 
Company  from  Andrade  of  an  additional  100  000  acres. 

On  the  land  thus  brought  under  the  control  of  the  Mexican  com- 
pany, canal  construction  was  carried  on  in  Mexico,  without  inter- 
ference by  Mexican  authorities.  Water  was  made  available  for  the 
Imperial  lands  in  1902  (a  small  quantity  only  as  early  as  1901). 

Although  Mexico  did  not  make  any  objections  to  the  use  of  land 
within  that  country  as  a  right  of  way  for  carrying  water  into  the 
United  States,  there  is,  it  is  understood,  a  protest  on  file  in  the  De- 
partment of  State  against  the  diversion  of  water  from  the  Colorado 
River  (November,  1901) ;  and  in  this  protest  the  possibility  of  the 
whole  flow  of  the  river  being  turned  by  the  proposed  irrigation 
works  is  pointed  out. 

The  original  notice  of  intention  to  divert  water  from  the  Colo- 
rado River  in  California  bears  the  date,  April  25th,  1899.  The 
quantity  of  water  claimed  under  this  notice  was  10  000  cu.  ft.  per 
sec,  and  the  place  of  the  proposed  diversion  was  referred  to  as  about 
1^  miles  above  the  international  boundary  line.  Actual  diversion 
was  made  at  Hanlon's  Crossing,  much  nearer  to  the  boundary. 

The  canal  of  the  California  Development  Company,  as  origin- 
ally constructed,  had  its  head  in  California  about  100  yd.  north 
from  the  international  boundary.  The  canal  was  cut  out  from  the 
river  at  an  oblique  angle,  and  its  flow  was  controlled  by  a  wooden 
structure  placed  across  the  canal  several  hundred  feet  from  the 
river  bank.  On  a  falling  river  the  head  of  the  canal  and  the  gate 
were  obstructed  by  silt  deposits,  and  it  became  difficult  to  keep  the 
water  flowing  from  the  river  into  the  canal. 

These  silt  accumulations  in  the  head  of  the  canal  interfered  with 
its  successful  operation,  and  water  shortage  resulted  in  the  Im- 
perial Valley  in  the  fall  of  1903.  and  continued  throughout  1004. 
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Probably  with  the  view  of  adding  value  to  its  properties,  and 
thereby  improving  its  financial  standing,  the  company  in  1904 
sought  to  secure  from  Congress  a  grant  of  a  specific  quantity  of 
water  from  the  Colorado.  In  this  it  failed,  and  it  also  failed  to 
have  Congress  declare  the  river  non-navigable.  Upon  application 
to  the  Mexican  government,  however,  a  concession  was  made  by 
that  country  to  the  affiliated  Mexican  corporation,  under  which  op- 
erations on  Mexican  territory  were  legalized,  and  it  was  made  pos- 
sible to  construct  the  works  which  in  operation  have  proven  so  dis- 
astrous. 

The  original  canal  was  carried  from  California  into  Mexico, 
and  paralleled  the  river  for  a  distance  of  about  4^  miles,  being  at 
no  point  much  more  than  |  mile  from  the  river  bank.  Its 
course  then  changed  from  south  to  southwest  and  west.  It  passed 
close  along  the  south  base  of  the  sand  hills  which  hang  on  the 
south  spur  of  Pilot  Knob,  and  its  first  section  terminated  with  a 
length  of  about  11  miles  at  the  lagoon.  Thence  the  canal  water  was 
carried  in  an  artificial  channel  northwestward  to  a  well-defined  sec- 
tion of  Alamo  River,  and  flowed  in  this  river  to  near  the  point 
about  40  miles  west  of  the  Colorado,  where  the  Alamo  enters  Cali- 
fornia. There,  about  1  mile  south  from  the  international  boundarj-, 
water  is  diverted  from  the  Alamo  into  a  number  of  irrigation  canals. 

This  point,  known  as  Sharp's  Heading,  had  been  selected  as  the 
proper  place  for  the  main  diversion  of  the  water  from  the  natural 
channel  into  the  canals  which  were  to  command  the  Imperial  coun- 
try. Other  diversions  were  maintained,  for  a  time,  farther  down 
stream — at  the  Eastside  levee,  several  miles  above  Holtville,  for  the 
irrigation  of  District  No.  5,  and  at  the  Rose  levee,  several  miles 
below  Holtville,  for  the  irrigation  of  lands  in  the  northeastern 
portion  of  District  No.  1.  But  imperfect  control  of  the  inflow 
into  the  canal  head  at  the  Colorado,  with  consequent  flood  condi- 
tions along  the  Alamo  when  the  Colorado  was  high  and  much  sur- 
plus water  was  passing  Sharp's  Heading,  resulted  in  the  repeated 
destruction  of  these  levees  or  diverting  dams,  and  led  to  their  aban- 
donment. The  entire  section  of  the  Alamo  below  Sharp's  Heading 
was  thereafter  used  as  a  waste  channel. 

It  would  be  useless  to  attempt  a  minute  description  of  the  works 
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constructed  from  time  to  time  to  keep  the  improved  lands  supplied 
with  water.  It  will  suffice  to  state  that  at  present  there  is  no  other 
point  than  Sharp's  Heading-  on  the  Alamo  at  which  a  diversion  is 
made  from  this  channel  for  the  irrigation  of  the  Imperial  lands. 

Districts  Nos.  5  and  7,  which  lie  upon  the  east  side  of  the  Alamo, 
have  canals  heading  at  Sharp's.  Imperial  Canal  No.  1  is  the  origi- 
nal main  canal,  on  the  flow  of  which  most  of  the  land  between  the 
Alamo  and  New  Rivers  (Districts  Nos.  1  and  4)  is  dependent,  and  it 
too  has  its  head  at  Sharp's;  so,  also,  does  the  Wisteria  Canal  which 
at  present  supplies  water  only  to  lands  in  Mexico  belonging  to  the 
California  and  Mexico  Land  and  Cattle  Company,  Districts  Nos. 
6  and  8,  lying  on  the  west  side  of  New  River,  are  at  present  entirely 
without  water. 

The  shortage  of  water  in  1903  and  1904,  due  mainly  to  the 
choking  of  the  canal  head  with  silt,  impelled  the  company  to  secure 
from  Mexico,  as  already  related,  for  its  affiliated  Mexican  corpora- 
tion, a  concession  under  which  diversion  could  be  made  from  the 
Colorado  River  in  Mexico.  This  concession  was  granted,  under  date 
of  May  17th,  1904,  and  received  the  approval  of  the  Mexican  Con- 
gress in  the  following  month. 

The  right  to  divert  10  000  c\\.  ft.  per  sec.  from  the  Colorado 
River  on  Mexican  territory  was  granted,  subject,  however,  to  the 
use  of  one-half  of  this  quantity  on  demand  upon  lands  in  Mexico. 

The  right  was  also  granted  to  receive  this  water  from  a  canal 
heading  in  California  north  of  the  boundary  line,  and  to  convey  it 
in  canals  or  natural  channels  through  Mexico.  It  is  required  under 
this  concession  that  plans  and  profiles  of  canals  already  built  in 
Mexico  be  filed,  and  that  additional  works  be  approved  by  the  Mexi- 
can authorities  before  construction.  All  work  done  is  to  be  subject 
to  the  inspection  of  an  engineer.  The  company  is  required  to  pay  to 
Mexico  $300  per  month  perpetually.  Bridges  are  to  be  constructed 
for  road  crossings.  The  company  is  permitted  to  import,  free  of 
duty,  instruments,  machinery  and  the  like  for  use  on  canal  work. 
The  company  is  exempted  from  taxation  for  10  years,  except  in  the 
matter  of  stamps.  It  is  prohibited  from  selling  or  mortgaging  its 
property  to  any  foreign  government  or  State,  or  from  taking  such 
government   or   State   into   partnership.      A   deposit   of   $10  000   in 
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Mexican  bonds  was  required.  It  was  also  made  a  condition  that 
the  corporation  holding  this  concession  must  be  a  Mexican  corpora- 
tion, but  that  any  or  all  stockholders  might  be  foreigners. 

Operating  under  this  concession,  there  was  constructed  just 
south  of  the  international  boundary  a  cut  less  than  100  yd.  long 
from  river  to  canal.  This  connected  with  the  canal  below  its  origi- 
nal timber  headgate,  but  did  not  materially  improve  the  inflow  con- 
ditions. Thereupon  a  second  connection  in  Mexican  territory  was 
made  between  river  and  canal.  This  was  about  4  miles  south  of  the 
boundary  line.  It  is  reported  to  have  been  first  put  into  vise  on 
October  26th,  1904. 

Neither  of  these  connections  between  river  and  canal,  com- 
monly referred  to  as  the  Upper  and  Lower  Mexican  Headings,  was 
provided  with  regulating  gates.  Both  were  already  in  use  before, 
on  August  28th,  1905,  the  canal  plans  were  approved  by  the  jMexi- 
can  authorities.  Both  were  simple  dredger  cuts  of  moderate  depth 
and  width.  The  Upper  Mexican  Heading,  like  the  original  canal 
head  in  California,  showed  a  pronounced  tendency  to  silt  up.  The 
Lower  Mexican  Heading,  on  the  contrary,  which  came  into  use  as  a 
channel  from  40  to  50  ft.  wide  and  from  6  to  8  ft.  deep,  had  suffi- 
cient fall  from  river  to  canal  (reported  at  upwards  of  1.5  ft.  in 
about  1  300)  to  give  the  water  a  scouring  velocity.  The  bed  of  this 
heading  was  enlarged  by  the  flow  through  it,  but  this,  at  first, 
caused  no  alarm.  Large  canal  capacity  was  desirable,  and  natural 
erosion  of  the  channel  would  reduce  the  ultimate  cost  of  con- 
struction ;  but  soon  a  time  came  when  the  progress  of  this  channel 
enlargement  was  too  rapid,  and  measures  had  to  be  taken  to  shut 
off  the  flow  at  the  intake.  The  first  proposition  seems  to  have  been 
to  place  a  controlling  gate  in  the  canal  just  below  the  jioint  where 
the  Lower  Mexican  Heading  joined  the  canal.  The  spring  rise  of 
1905,  however,  came  early,  and  this  idea  was  abandoned  as  im- 
practicable. Effort  was  then  made  to  close  the  heading  at  the  river. 
Piles  were  driven,  brush  and  sand  bags  were  used  in  large  quanti- 
ties, but  as  rapidly  as  the  structure  was  pushed  from  the  north  side 
of  the  heading  toward  its  south  side  the  south  bank  was  cut  away 
by  the  river's  swirling  waters.  Meanwhile,  the  river  had  attained 
its  high  stage  (June,  1905),  and  the  canal  company  v'as  in  the 
throes  of  a  reorganization.     The  first  attempt  to  close  the  heading 
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was  abandoned.  It  was  at  this  time  that  the  direction  of  the  work 
relating  to  the  checking  of  the  excessive  flow  into  the  canal  was  as- 
sumed by  the  railroad  people.  The  railroad  officials,  as  already 
stated,  had  recognized  the  importance  of  effecting  a  speedy  control 
of  the  flow  of  water  into  the  Salton  Basin,  and  preferred  to  take 
charge  of  the  work  themselves,  rather  than  let  it  be  continued  by 
the  former  canal  management. 

The  situation  in  parts  of  the  Salton  Basin,  due  to  the  large  in- 
flow of  water  which  was  far  in  excess  of  channel  capacities,  had  in 
the  meantime  become  serious.  There  was  already  so  much  water 
on  the  salt  beds  that  the  Liverpool  Salt  Company  was  put  out  of 
business,  and  was  making  all  haste  to  ship  the  last  of  its  salt  stores 
out  of  the  country.  The  rising  waters  were  at  the  base  of  the  rail- 
road embankment  (end  of  June,  1905),  and  it  was  only  a  question 
of  a  few  days  before  the  roadbed  for  a  length  of  many  miles  must  be 
abandoned.  Quick  action,  and  an  early  check  of  the  inflow  of 
water  would  save  the  railroad  great  expense.  Strenuous  effort  to 
accomplish  this  result,  therefore,  was  justified,  and  led  the  railroad 
company  to  extend  financial  aid  to  the  canal  company. 

Other  interests  were  also  menaced,  however,  and  there  were 
other  sufferers  from  the  flood  conditions  in  Imperial  Valley. 

Structures  at  Sharp's  Heading  were  in  danger;  those  lower 
down  on  the  Alamo  could  not  withstand  the  flood  stages  of  the 
river.  Lands  adjoining  the  Alamo  and  New  Rivers  were  submerged. 
The  threatened  inundation  of  the  main  body  of  improved  lands 
was  prevented  only  by  strenuous  work  on  dikes  which  forced  the 
water  westward  into  the  broad  flat  depression  along  New  River. 
Much  improved  land  along  New  River  was  inundated. 

And  all  the  time  (summer,  1905),  even  while  the  river  was  fall- 
ing, the  volume  of  water  presented  for  passage  into  the  Salton  Sea 
kept  increasing.  The  Lower  Heading,  in  the  latter  part  of  June, 
had  been  widened  to  100  ft.  or  more,  with  a  depth  of  about  20  ft. 
It  was  then  discharging  abqut  7  000  to  8  000  cu.  ft.  per  sec,  and 
it  was  but  a  short  time  before  this  flow  was  doubled.  It  became 
evident  early  in  July  that,  if  not  checked,  the  river  would  make  the 
Lower  Mexican  Heading  its  low-water  channel. 

Not  only  did  the  river  do  this,  but  it  increased  the  canal  ca- 


PLATE   IV. 

PAPERS,   AM.  SOC.    C.    E. 

FEBRUARY,    1907. 

GRUNSKY   ON 

COLORADO  RIVER  AND  SALTON  BASIN. 


Fig.  1.— View  Across  Enlarged  Lower  Mexican  Heading  of  Imperial  Canal. 
AiTGusT  26th,  lODO. 


Fig.  2— Piling  for  Railroad  Track  Acro.ss  Enlarged  Lower  Mexican  Heading, 
Imperial  Canal,  at  Site  of  Proposed  Dam.  August  26th,  1'.i06. 


I 


Papers.]  COLORADO    RIVER   AND   SALTON    BASIN.  129 

pacity  to  such  a  degree  that  the  canal  during  the  flood  stage  of 
November  and  December,  1905,  became  the  main  channel  of  the 
river. 

Ttrning  the  Lower  Colorado  Eiver  Back  into  Its  Proper 
Channel. 

Soon  after  the  failure  of  the  first  attempt  by  the  canal  compa- 
nies to  stop  the  flow  into  the  lower  heading,  they  made  a  second 
attempt.  This  was  an  effort  to  force  the  entire  river  into  a  channel 
east  of  an  island  in  the  Colorado  River  opposite  the  Lower  Mexican 
Heading.  This  island  was  narrow,  and  about  a  mile  long.  It  di- 
vided the  stream  into  two  branches,  of  which,  before  the  construction 
of  the  heading,  the  eastern  branch  had  the  greatest  depth  and  car- 
ried the  most  water.  It  was  proposed  to  close  the  western  channel 
at  the  head  of  the  island.  Here,  also,  piles  were  driven,  obliquely 
out  from  the  river's  right  or  western  bank  toward  the  head  of  the 
island,  and  brush  and  sand  bags  were  used  to  cheek  the  flow  of 
water.  Three  times  at  this  point  the  river  defeated  the  engineers, 
and  impressed  upon  them  the  difiiculty  of  the  problem.  There vipon 
what  is  generally  referred  to  as  the  third  attempt  to  conquer  the 
stream  was  made.  This  was  in  the  fall  of  1905,  and  the  point  at 
which  the  attempt  was  made  was  about  1  000  ft.  below  the  head  of 
the  island.  Here  the  construction  of  a  dam  with  a  broad  brush  mat- 
tress foundation  was  undertaken.  Mats  of  brush,  having  a  width 
of  100  ft.  in  the  direction  of  the  stream,  were  placed  from  bank  to 
bank  across  the  western  channel  of  the  river.  Piles  were  driven  in 
three  rows  through  these  mats,  which  were  about  18  in.  thick,  and 
more  brush  was  woven  between  these  piles.  This  work  is  reported  to 
have  been  making  fair  progress,  notwithstanding  a  stage  of  the 
river  considerably  higher  than  the  ordinary  stage  for  that  time  of 
year,  when  the  unexpected  happened.  A  flood  occurred  on  the 
Salt  and  the  Gila  Rivers,  and  a  tremendous  voKime  of  water  was 
suddenly  discharged  into  the  Colorado  River  at  Yuma.  In  a  few 
days  the  river  rose  from  a  low  stage  to  become  a  raging  torrent 
with  a  maximum  discharge,  on  November  30th,  of  more  than  100  000 
cu.  ft.  per  sec.  This  water  overtopped  the  island.  It  cut  around 
the  eastern  end  of  the  incomplete  dam  and  tore  away  the  head  of 
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the  island.  It  quickly  cut  the  heading  to  a  width  of  several  hun- 
dred feet  and  gave  it  all  the  appearance  of  a  permanent  section  of 
the  main  river. 

This  failure,  so  late  in  the  fall,  and  the  stages  higher  than  ordi- 
nary which  the  river  would  maintain  during  the  following  winter, 
left  the  canal  officials  no  hope  of  accomplishing  any  results  without 
thorough  preparation.  It  was  determined,  therefore,  that  the  next 
attempt  should  be  supplemented  by  some  by-pass  arrangement.  A 
channel  was  to  be  prepared  with  a  controlling  gate  through  which 
the  river,  at  a  low  stage,  could  be  turned.  Thereupon  the  river  was 
to  be  obstructed  by  brushwork  until  its  entire  flow  was  forced 
through  the  by-pass.  The  brushwork  dam  would  then  receive  earth- 
work reinforcement  and  be  connected  with  levees  or  dikes  up  and 
down  the  river  so  that  finally  a  closing  of  the  controlling  gates 
would  raise  the  water  high  enough  to  force  it  to  take  its  course, 
where  it  belonged,  down  the  old  channel  of  the  river  to  the  Gulf. 

Two  points  appeared  to  be  available  in  carrying  out  this  by-pass 
idea,  the  one  involving  least  expenditure  of  time  and  money  being 
at  the  Lower  Mexican  Heading;  the  other  was  at  the  original  canal 
heading  in  California.  It  was  believed  by  the  engineers  in  charge 
of  the  work  that  at  the  lower  point  a  large  gate,  a  timber  structure, 
could  be  constructed  and  would  be  ready  for  use  in  April,  1906, 
when  it  was  hoped  that  the  stage  of  the  river  would  still  be  low 
enough  to  justify  an  attempt  to  put  a  brush  dam  across  the  river. 
The  success  of  this  project  depended  upon  the  completion  of  the 
gate  in  time,  and  upon  favorable  river  conditions  for  some  weeks 
after  its  completion. 

At  the  other  point,  which  is  several  hundred  feet  up  stream  from 
the  original  canal  head  in  California,  the  plans  involved  the  con- 
struction of  a  large  gate  which  it  was  planned  should  ultimately 
become  the  permanent  canal  headgate.  From  this  gate  an  excava- 
tion of  sufficient  capacity  to  take  the  entire  river  flow  at  its  low- 
water  period  was  to  be  made  southward,  paralleling  the  original 
canal  and  terminfitirg  li  miles  below  in  what  was  formerly  canal, 
but  had  temporarily  become  river  channel.  As  this  gate  was  to  be- 
come a  permanent  feature  of  the  canal  system,  it  was  planned  to  be 
constructed  of  reinforced  concrete. 

The  execution  of  this  plan  was  commenced.     The  wooden  gate 
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at  the  lower  heading  was  constructed,  but  it  was  not  ready  for  ser- 
vice as  soon  as  had  been  hoped,  neither  did  the  river  stages,  which 
were  too  high,  favor  any  attempt  to  make  a  closure  at  this  point 
when  the  gate  became  available.  The  upper  or  concrete  gate  was 
constructed,  and  has  been  ready  for  use  since  July,  1906.  Work 
on  a  canal  of  large  capacity,  beginning  at  the  upper  gate,  was 
deferred  until  it  should  be  known  whether  the  attempt  at  the -lower 
heading  would  succeed.   - 

When  it  appeared  that  there  was  no  liope  of  shutting  off  the' 
flow  into  the  Salton  Basin  in  the  spring  of  1906,  a  letter  was  writ- 
ten, under  date  of  May  10th,  to  the  people  of  the  Imperial  Valley, 
by  Mr.  C.  R.  Rockwood,  the  Engineer  in  Charge,  and,  at  that  time. 
Assistant  Manager  of  the  California  Development  Company,  in 
which  he  stated : 

"The  large  wooden  gate  at  the  Lower  Heading,  constructed  for 
the  purpose  of  controlling  the  inflow  of  the  Colorado  through  the 
Lower  intake,  is  now  completed  and  is  amply  able  to  do  the  work 
for  which  it  is  built  as  soon  as  the  river  falls  sufficiently  to  allow 
the  total  flow  to'  pass  through  the  gates  for  a  long  enough  period 
to  construct  an  earthen  dam  across  the  intake.  This  will  be  when 
the  water  falls  to  20  ft.  on  the  gauge  at  Yuma,  with  a  fair  prospect 
of  remaining  at  that  height  for  a  period  of  30  days.  The  proba- 
bility of  the  river  doing  this  before  the  summer  rise  commences  is 
so  remote  that,  in  your  interest  as  well  as  that  of  the  company,  we 
have  decided  to  wait  until  the  summer  flood  has  passed  before  con- 
structing the  diverting  dam     *     *     *     *." 

At  the  time  this  letter  was  written  the  river  was  already  high,  and 
kept  on  rising  to  its  high  summer  stage,  which  it  maintained 
longer  than  usual  during  1906.  In  fact,  throughout  1906,  the  river 
has  been  continually  at  higher  stage  than  normal;  the  monthly  dis- 
charge for  each  month  is  nearly  if  not  quite  equal  to  the  maximum, 
monthly  totals  ever  recorded,  and  the  aggregate  discharge  to  date 
since  January  1st,  1906,  is  already  more  than  twice  as  great  as  the 
river's  normal  annual  flow.  Preparations  were  made  for  a  supreme 
effort  to  stop  the  flow  at  the  lower  heading  during  the  expected 
moderate  and  low  stages  of  the  river  in  the  late  fall  of  1906. 

A  spur  track  about  6  miles  long  was  constructed  in  August  from 
near  El  Rio  to  the  Lower  Mexican  Heading.  A  large  force 
of  men  was  assembled,  and  all  the  facilities  at  the  disposal  of  the 
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railroad  were  called  into  requisition.  The  importance  of  rapid 
work  was  thoroughly  appreciated. 

Brush  mattresses  were  i^laced  successfully  across  the  600-ft. 
opening  in  which  the  river  was  to  be  held,  and  in  which  its  waters 
were  to  be  gradually  raised  by  obstructing  its  flow  with  brushwork 
and  rock.  Two  trestles  were  built  across  the  stream,  facilitating 
the  rapid  delivery  of  material.  This  work  was  making  favorable 
progress,  and  a  fair  proportion  of  the  river's  flow — s^ill  far  above 
normal — was  already  passing  through  the  timber  gate  when,  on 
October  11th,  this  gate  suddenly  gave  way.  It  broke  in  two  and 
its  northerly  half  floated  away.  Although  the  situation  thereupon 
looked  hopeless,  there  still  remained  a  chance  of  dropping  rock, 
into  the  new  branch  of  the  river  thus  opened,  faster  than  the  water 
could  undermine  and  bury  it.  Preparations  for  this  work  were 
quickly  made.  Orders  were  issued  to  all  quarries  within  a  radius 
of  some  400  miles  to  load  cars  with  large  rock,  and  locomotives 
were  pressed  into  service  to  rush  the  loaded  cars  to  the  work.  Night 
and  day  the  matei'ial  thus  obtained  was  dumped  into  the  water- 
way. In  the  meantime  the  rock  fill,  already  well  advanced  in  the 
main  channel  of  the  heading,  was  lowered  by  rolling  rocks  from 
its  crest,  thereby  increasing  the  flow  over  this  barrier  and  reducing 
the  flow  in  the  by-pass  channel.  This  operation  was  successful. 
The  by-pass  was  completely  closed  on  October  27th,  and  thereupon 
the  dam  in  the  main  arm  of  the  heading  was  raised  to  full  height, 
the  difficulties  decreasing  as  the  volume  of  flow  down  the  river's 
proper  channel  gradually  increased  with  the  increasing  height 
of  water  surface.  When  finally  the  water  surface  had  been  raised 
]4  ft.,  the  entire  flow  of  the  river  was  in  the  original  channel.  The 
river  was  thus  completely  turned  on  November  4th. 

It  had  been  foreseen  by  the  engineers  that  the  deterioration 
of  the  river  channel  below  the  Lower  Mexican  Heading,  which  had 
occurred  during  the  year  in  which  the  river  flowed  inland,  woidd 
result  in  higher  water  surface  elevations  than  had  theretofore 
prevailed.  Earth  dikes  or  levees,  therefore,  were  extended  up  and 
down  stream  from  the  rock  dam  in  the  canal  heading.  These  were 
made  10  ft.  wide  on  top.  and  had  side  slopes  of  2  to  1.  They 
were  built  of  material  taken  from  borrow-pits  on  the  canal  side.  • 

During  the  last  days  of  November  and  early  in  December  heavy 
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Fig.  1.— Wooden  Gate  in  By-Pass  at  Lower  Mexican  Heading  of  Imperial  Canal. 
View  Down  Stream,  Augl'st  SGth,  190(j. 


Fig.  2.- By-Pass  at  Lower  Mexican  Heading  of  Imperial  Canal,  August  26th,  I'.toi 
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rains  on  the  headwaters  of  Gila  River  sent  a  freshet  flow  down 
this  stream,  which  reached  its  maximum  at  Yuma  on  December 
7th.  The  water  rose  to  26.2  ft.  on  the  gauge  at  that  point  (about 
7  ft.  above  low  water),  and  the  river's  flow  had  been  increased 
from  about  10  000  to  a  maximum  of  56  000  cu.  ft.  per  sec.  For 
points  near  the  Lower  Mexican  Heading  this  was  an  overbank 
stage.  It  was  found  that  the  porous  material  on  which  the  levee 
rested  would  permit  considerable  underflow.  There  was  a  con- 
centration of  such  underflow  at  a  point  about  i  mile  south  of 
the  rock  dam,  and  the  water  quickly  cut  a  passage  into  which 
the  levee  collapsed.  This  occurred  early  in  the  morning  of  De- 
cember 7th,  at  a  time  when  the  water  stood  about  3  ft.  deep  against 
the  levee.  The  main  outflow  of  the  percolating  waters  is  reported 
to  have  occurred  in  the  edge  of  the  borrow-pit  which,  as  alread.v 
stated,  was  on  the  land  side  of  the  levee,  but  separated  from  it 
by  a  berme  some  40  or  50  ft.  in  width. 

The  break  in  the  levee  rapidly  widened  to  800  ft.  The  waters 
flowing  through  concentrated  in  the  borrow-pit,  flowing  north 
toward  the  canal  heading,  and  dropped  into  the  channel  from 
which  the  river  had  so  recently  been  turned.  The  flow  along  the 
levee  could  not  be  withstood,  and  soon  another  section,  some  500 
ft.  in  length,  nearer  the  rock  dam,  was  cut  away.  Within  a  few 
days  thereafter  the  river  had  cut  a  channel  through  the  yielding 
bank  deep  enough  to  put  its  entire  flow  back  upon  its  inland 
course.  The  work  of  turning  the  river  had  to  be  done  anew,  and 
the  magnitude  of  the  problem  of  holding  it  when  once  turned, 
under  the  new  complication  of  an  inadetiuate  levee,  is  now  thor- 
oughl,v  impressed  upon  the  engineers  who  have  been  engaged  on  the 
work  or  who  have  followed  the  events  on  the  Lower  Colorado. 

Effects  Produced  by  the  Inland  Flow  of  tite  Lower  Colorado 

River. 

The  entire  flow  of  the  r'olorarlo  is  agf^iu  concentrated  in  the 
watercourses  which  lead  into  Sfiltou  Basin.  For  a  time  in  the 
spring  and  early  summer  of  1906  a  small  quantit.v  of  water, 
probably  never  more  than  4  000  out  of  a  maximum  discharge 
of  about  90  000  cu.  ft.  per  sec,  took  the  course  to  the  Gulf  b.v  way 
of  the   river's  proper  channel.     For  some   months  during  the  high 
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stage  of  1906  there  was  also  some  flow  down  the  Paredones,  and 
overbank  from  it  to  the  Pescadore.  The  aggregate  quantity  at 
any  time  thus  reaching  Hardy's  Colorado,  and  ultimately  the  Gulf, 
by  routes  other  than  the  main  river  was  only  a  few  thousand 
cubic  feet  per  second.  The  remainder  of  the  river's  flow,  except 
for  the  brief  time  that  the  river  was  turned  south,  went  north, 
dropping  to  a  plane  far  below  sea  level  and  traveling  along  lines 
of  much  steeper  gradient  than  that  of  the  river  in  a  direct  course 
to  the  Gulf  of  California. 

After  the  flood  flow  of  November,  1905,  the  Lower  Mexican 
Heading,  the  canal  below  this  point,  and  the  Alamo  River  had  the 
appearance  of  a  continuous  great  river,  except  that  for  some 
months  thereafter  there  was  no  well-defined  channel  through  the 
mesquite  thickets  at  the  Lagoons.  But  even  these  thickets  were 
broken  through,  the  lagoons  disappeared,  and  by  August,  1906, 
there  was  a  complete  concentration  of  flow  of  the  river,  then 
carrying  some  20  000  to  25  000  cu.  ft.  per  sec,  in  one  well-defined 
channel  to  within  about  10  miles  of  Sharp's  Heading  where  the 
greater  part  of  the  water  took  a  western  course  through  a  breach 
in  the  bank  of  the  Alamo  River  toward  and  into  New  River. 

To  illustrate  the  progress  of  the  change  from  the  river's  proper 
course  to  its  inland  channel,  it  may  be  noted  that  the  original 
lower  heading,  in  October,  1904,  had  a  width  of  from  40  to  60 
ft.  and  a  depth  of  from  6  to  8  ft.  It  had  been  enlarged  to  a  width 
of  about  100  ft.  and  a  depth  of  about  20  ft.  by  the  end  of  June, 
1905.  It  had  become  the  main  channel  of  the  river  in  December, 
1905;  was  from  300  to  600  ft.  wide  in  March,  1906,  and  more  than 
i  mile  wide  at  some  points  in  June,  1906.  Its  south  bank  was 
exposed  to  the  violent  attack  of  the  water  turned  suddenly  west- 
ward from  a  southerly  course,  where  it  left  the  river's  proper 
channel,  and  this  accounts  in  a  measure  for  the  rapidity  with  which 
it  was  cut  away.  Subsequent  to  Jvme,  1906,  during  its  falling 
stages,  the  river  built  out  sand  bars  from  the  northern  bank  of  the 
cut,  and  soon  thereafter  bad  efi"ected  the  concentration  of  its  water 
in  a  channel  generally  about  600  to  800  ft.  wide,  the  south  bank 
of  which  was  from  3  000  to  4  000  ft.  from  the  original  north  bank 
of  the  canal  heading. 

The  large  wooden  by-pass  gate  which  originally   (at  the  begin- 
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Fig.  1.— The  Barranca  of  New  River,  About  4]  Miles  Northeast  of  Brawley, 
Auor.ST  30th,  1000. 


Fig.  2.— The  Barranca  of  New  River,  About  5  Miles  Northwest  of  [mperial, 
August  31st,  1906. 
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ning  of  1906)  was  within  a  few  hundred  feet  (to  the  north)  of  the 
river's  new  channel  was  in  August  separated  from  it  by  broad  sand 
bar  deposits.  The  by-pass  channel  from  river  to  gate  and  from 
gate  back  to  river  had  to  be  made  about  |  mile  long,  instead  of 
several  hundred  yards,  as  would  have  been  the  case  in  the  early 
months  of  1906,  when  the  location  for  the  gate  was  selected. 

The  immense  energy  of  the  spring  flood  of  1906  which  poured 
into  Salton  Basin  was  not  long  in  cutting  great  barrancas  some 
hundreds  of  feet  wide  and  from  40  to  80  ft.  deep,  into  the  alluvial 
soil  of  the  Imperial  Valley.  The  upper  lip  of  a  barranca  of  this 
kind  on  New  River  was  at  a  point  due  west  from  Imperial  on 
March  15th.  In  two  months  it  traveled  up  stream  some  15  miles 
to  within  a  short  distance  of  Calexico.  It  is  reported  to  have 
progressed  over  portions  of  this  distance  nearly  a  mile  in  a  day. 
Opposite  Imperial,  at  the  beginning  of  the  year,  the  river  was  in 
a  slight  depression,  practically  on  top  of  the  ground,  but  in  August 
it  was  in  a  chasm  80  ft.  deep  and  upwards  of  1 100  ft.  in  width. 
The  sides  of  this  barranca  stand  vertically,  with  a  moderate  talus 
at  points  where  the  water  has  receded  from  their  bases.  The  light 
clay  loam  of  which  they  are  composed  breaks  away  as  the  water 
makes  its  undercuts  or  softens  the  supporting  layers.  The  bar- 
ranca, for  the  present,  is  practically  impassable.  The  advance  of 
its  head  up  stream,  and  the  direction  of  its  travel  has  been  a  matter 
of  grave  concern  to  the  inhabitants  of  the  country,  and  particu- 
larly to  those  of  Calexico  and  Mexicali.  Embankments  many  miles 
in  length,  during  the  spring  of  1906,  had  protected  the  main  section 
of  the  improved  lands  between  the  Alamo  and  New  River  channels 
from  inundation,  and,  in  like  manner,  dikes  from  4  to  6  ft.  in 
height  and  5  miles  in  length,  kept  the  water  out  of  the  main 
portions  of  these  two  small  towns.  Later,  the  very  existence  of 
land  which  had  before  been  productive  farming  land  and  of  that 
on  which  the  towns  stand  was  menaced,  and  much  of  it  was 
devoured  by  the  river.  Efforts  were  made  to  direct  the  line  along 
which  the  deep  cut  should  travel.  To  this  end  dynamite  was  used, 
with  some  success,  it  is  claimed.  The  ground  was  shattered  above 
the  lip  of  the  falls,  and  so  it  was  attempted  to  make  excavation 
easiest  along  the  line  where  the  least  damage  would  result.  Here 
and  there,  however,  the  water  tumbling  over  the  sides   as  well  as 
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the  upper  end  of  the  barranca  has  cut  long  and  deep  gullies  later- 
ally into  the  adjoining  country.  This  was  notably  the  case  when 
the  backcutting  had  reached  a  point  near  the  five  canal  gates  about 
4  miles  north  of  Calexico.  Here  a  waste-water  channel  concen- 
trated the  overflow  waters  of  the  easterly  side,  and,  when  the  deej) 
main  barranca  had  reached  this  channel,  the  result  was  a  deep 
lateral  cut  which  quickly  undermined  a  canal  section  and  deprived 
Brawley  and  vicinity  of  water  until  a  by-pass  could  be  constructed. 
Again,  near  Calexico  the  cutting  approached  dangerously  close 
to  the  town.  It  took  some  of  the  railroad  land,  all  the  railroad 
improvements  at  Mexicali,  and  many  of  the  adobe  buildings  of 
that  town,  and  left  the  remainder  of  these  towns  some  40  ft.  above 
the  plane  of  the  river's  water  which,  b\it  a  few  days  before,  had 
covered  the  surrounding  country  4  or  5  ft.  deep  and  had  threatened 
destruction  by  inundation.  It  has  been  estimated  that  from 
400  000  000  to  500  000  000  cu.  yd.  of  material  have  been  thus  exca- 
vated by  the  river  water  and  "ground-sluiced"  into  Salton  Sea. 

After  the  high-river  stage  of  June,  1906,  the  rate  at  which  the 
channel  cutting  continued  decreased  materially.  It  is  reported, 
however,  that  at  this  time  the  head  of  the  barranca  is  but  a  few 
miles  from  the  point  in  Mexico,  some  8  or  10  miles  above  Sharp's 
Heading,  where  the  main  flow  of  the  river  leaves  the  Alamo  through 
breaches  in  its  south  bank  on  its  way  across  country  toward  New 
River.  Should  this  backcutting  reach  the  Alamo,  the  supply  of 
water  to  the  canals  of  the  Imperial  Valley  will  be  cut  off.  and  a 
water  famine  will  quickly  result. 

Not  only  has  the  river  been  carving  out  the  great  barranca  above 
described,  but,  throughout  the  course  along  which  the  water  flows 
from  near  Pilot  Knob  to  New  River,  the  swirling  waters  have  deep- 
ened the  channel  here  and  widened  it  there  until  a  broad  continu- 
ous channel  has  taken  the  place  of  the  original  poorly  defined 
channels  through  miles  of  mesquite  thickets.  The  ever-increasing 
capacity  of  this  new  watercourse  has  been  continually  adding  to 
the  magnitude  of  the  problem  with  which  the  railroad  people  have 
been  contending.  Month  by  month,  as  channel  capacity  has  thus 
increased,  the  river  has  burrowed  deeper  into  the  ground  at  the 
critical  point,  at  the  Lower  Mexican  Heading,  and  thus,  as  time 
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Fig.  ].— New  River.  South  from  Calexico.  Augu.st.  1900. 


,FiG.  2.— The  Barranca  of  New  River  at  Mexicali,  September  1st,  1906. 
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went  on,  the  height  that  water  had  to  be  raised  to  send  it  down  the 
proper  channel  increased. 

At  the  same  time  there  was  a  deterioration,  in  some  measure, 
of  the  proper  river  channel  below  the  heading.  The  last  of  the 
water  taking  that  course  built  up  sand  bars  for  some  miles  down 
stream,  and  these,  temporarily  at  least,  are  in  the  way  of  the 
restored  ilow.  The  growth  of  weeds  and  willows  in  the  river-bed 
while  dry  is  a  further  unwelcome  obstruction. 

In  connection  with  the  above-noted  feature  of  bed  enlarge- 
ment and  deepening,  it  may  be  stated  that  in  the  spring  of  1905 
the  water  surface  was  already  so  low  in  the  new  river  channel  that 
£  waste-gate  in  the  south  canal  bank,  some  8  miles  from  the 
Colorado,  had  been  left  high  in  the  air.  The  dredger  cut  toward 
Quail  River,  usually  referred  to  as  Quail  River  Cut,  which  had 
been  made  in  the  fall  of  1905  in  the  hope  that  the  river  might 
be  turned  toward  Volcano  Lake,  ceased  to  receive  water  from  the 
Alamo  channel  early  in  August,  1906.  The  water  was  too  deep 
in  the  ground  to  continue  to  flow  into  the  head  of  the  cut.  The  cut- 
ting off  of  the  discharge  of  the  Colorado  into  the  Gulf  was  complete 
after  August,  1906. 

The  Canal  and  Water  Companies. 

The  land  irrigated  by  the  Imperial  Canal  system  at  the  time 
this  enterprise  was  undertaken  was  for  the  most  part  government 
land  available  for  entry  as  desert  land  in  tracts  of  320  acres,  or 
for  entry  under  the  homestead  land  law  in  tracts  of  160  acres.  In 
either  event,  the  use  of  water  was  essential  to  reclaim  the  land  or 
to  make  it  habitable.  For  the  Imperial  Valley  lands  no  water  has 
been  available  except  that  from  the  canal  system  controlled  by  the 
California  Development  Company.  All  desert  land  entries  have 
thvis  become  dependent  upon  this  company  and  its  subsidiary  com- 
panies for  water  supply.  The  total  area  of  the  land  filed  upon  in 
Imperial  Valley  is  about  250  000  acres.  Approximately,  90% 
thereof  has  been  filed  upon  as  desert  land. 

The  California  Development  Company  has  been,  from  the  out- 
set, and  still  is,  in  complete  control  of  all  matters  relating  to  the 
Avater  supply  for  the  Imperial  Valley.     It  is  the  parent  company. 
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All  the  property  necessary  to  be  controlled  in  Mexico  by  this  cor- 
poration is  owned  by  "La  Sociedad  de  Irrigacion  y  Terrenos  de  la 
Baja  California"  (Sociedad  Anonym)  which,  as  already  stated, 
is  presumably  the  same  corporation  as  the  one  to  which  the  Mexican 
Government  made  the  water-right  concession  in  1904 — "La  Socie- 
dad de  Riegos  y  Terrenos  de  la  Baja  California"  {Sociedad 
Anonym).  The  California  Development  Company  is  reported  to 
own  or  control  all  the  stock  in  this  Mexican  corporation. 

The  desert  land  law  required  that  those  who  perfect  title  to  the 
land  entered  must  acquire  a  water  right.  The  California  Develop- 
ment Company  did  not  propose  to  make  the  landowners  participants 
in  the  management  of  its  affairs,  neither  did  it  undertake  to  issue 
water  rights  which  would  run  as  appurtenances  with  individually 
owned  tracts  of  land;  but  it  arranged  for  the  organization  of  a 
number  of  sub-companies,  separate  corporations,  the  stockholders 
in  which  should  be  landowners,  and  in  which  the  stockholder  was 
entitled  to  a  proportional  use  of  the  water  controlled  by  the  sub- 
company.  Eight  such  mutual  water  companies  were  planned,  and 
each  of  the  eight,  it  was  proposed,  shovild  own  and  manage  its  own 
canal  system,  receiving  water  from  the  parent  company.  The 
capital  stock  of  each  company  was  fixed  in  relation  to  the  area  to  be 
commanded  by  the  sub-system  of  canals,  so  that  a  share  of  stock 
in  any  sub-company  would  entitle  its  holder  to  substantially  the 
same  service  as  a  share  in  any  other  company;  but  the  water  to 
which  ownership  of  stock  entitles  its  holder  must  be  used  within 
the  territory  assigned  to  the  sub-company  issuing  the  stock. 

The  holder  of  stock  pays  for  the  water  used  at  the  rate  of 
50  cents  per  acre-foot,  paying  for  at  least  1  acre-foot  per  annum 
on  each  share  of  stock,  whether  or  not  any  water  is  used. 

All  the  stock  of  the  sub-companies  (designated  by  number,  as 
Imperial  Water  Company  No.  1,  etc.)  passed  into  the  possession 
of  the  California  Development  Company,  supposedly  in  payment 
for  the  canal  system  to  be  built  by  the  parent  company.  The  water 
stock  thus  remained  under  control  of  the  parent  company.  One 
of  the  companies.  No.  8,  however,  bought  back  its  entire  capital 
stock  from  the  Imperial  Construction  Company,  to  which  it  had 
been  transferred,  substituting  bonds  therefor  to  the  amount  of 
$500  000. 
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Fift.  1.— Waste  Gate  at  Sharp's  Heading,  Mexico,  on  the  Alamo  River, 
September  1st.  I'.tiiG. 


Fig.  2.— Waste-Gate  at  Sharp's  Heading,  Mexico,  on  the  Alamo  River, 
September  1st.  1906. 
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The  relation  in  which  the  parent  company  stands  to  the  mutual 
water  companies  is  illustrated  hy  the  terms  of  an  agreement  made 
-on  July  24th,  1901,  between  the  California  Development  Company, 
the  Mexican  Company,  and  Imperial  Water  Company  No.  1,  which 
last  named  is  by  far  the  most  important  of  the  several  mutual  com- 
panies. This  agreement  obligates  the  Mexican  Company  (the  head 
of  Imperial  Canal  No.  1  being  in  Mexico),  upon  demand  of  the 
mutual  company,  to  furnish  to  the  latter  water  as  demanded  not 
to  exceed  4  acre-feet  per  annum  for  each  outstanding  share  of  stock, 
hut  conditional  upon  an  aggregate  delivery  not  to  exceed  400  000 
acre-feet  per  annum,  and  conditioned  upon  an  annual  payment  of 
50  cents  per  acre-foot. 

The  annual  payments  are  to  be  based  upon  the  amount  of 
stock  outstanding  on  the  first  day  of  June  of  each  year,  and 
are  to  be  for  not  less  than  1  acre-foot  of  water  for  each  share. 
The  price  of  50  cents  per  acre-foot  is  under  no  circumstances 
to  be  increased.  The  California  Development  Company  agrees  to 
construct  and  maintain  a  canal,  from  the  international  boundary 
line  to  the  laterals  of  the  stockholders,  of  sufficient  capacity  to 
supply  4  acre-feet  of  water  per  annum  for  each  outstanding  share 
of  stock.  It  also  agrees  to  construct  a  system  of  distributing 
ditches  for  the  delivery  of  water  to  a  point  on  each  quarter  section 
•of  land  from  which  it  is  practicable  to  irrigate  the  same  by  gravity 
flow.  All  ditches  and  laterals  are  to  be  turned  over  to  the  mutual 
company.  The  Mexican  Company  is  to  deliver  2%  more  water 
at  the  boundary  than  is  required  to  supply  the  demand  of  the  mutual 
<?ompany,  in  order  to  cover  seepage  and  evaporation  losses.  The 
canal  system  is  to  be  kept  in  good  repair  by  the  California  Develop- 
xnent  Company,  but  this  company  does  not  hold  itself  responsible 
for  failure  to  deliver  water  from  any  cause  beyond  its  control. 
Tinally,  the  California  Development  Company  and  the  Mexican 
■Company  each  guarantee  the  perpetual  performance  of  all  the  terms 
find  conditions  of  the  agreement  by  the  other.  The  entire  control 
and  management  of  the  canal  system,  including  the  work  in  Mexico, 
is  thus  turned  over  to  the  California  Development  Company. 

Six  other  mutual  water  companies  have  made  similar  agree- 
ments with  the  California  Development  Company  and  the  Mexican 
Company. 
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Imperial  Water  Company  No.  1  was  organized  to  distribute 
water  to  100  000  acres  of  land  lying  between  Alamo  and  New 
Rivers  and  extending  northward  from  the  international  boundary 
line. 

Imperial  Water  Company  No.  2  was  organized  for  the  irriga- 
tion of  a  small  area  between  the  same  rivers,  beginning  25  miles 
north  from  the  international  boundary  line. 

Imperial  Water  Company  No.  3  was  merged  with  No.  1. 

Imperial  Water  Company  No.  4  was  organized  for  the  irrigation 
of  17  500  acres  lying  between  Districts  Nos.  1  and  2. 

Imperial  Water  Company  No.  5  was  organized  originally  for  the 
irrigation  of  100  000  acres,  but  this  was  subsequently  reduced  to 
50  000  acres  east  of  Alamo  River,  commencing  at  a  point  about  7 
miles  north  from  the  international  boundary  line. 

Imperial  Water  Company  No.  6  was  organized  for  the  irriga- 
tion of  25  000  acres  just  north  of  the  boundary  line  and  west  of 
New  River. 

Imperial  Water  Company  No.  7  was  organized  for  the  irriga- 
tion of  20  000  acres  just  north  of  the  boundary  line  and  east  of 
Alanio  River. 

Imperial  Water  Company  No.  8  was  organized  for  the  irriga- 
tion of  40  000  acres  west  of  New  River  and  about  opposite  the 
territory  assigned  to  No.  4. 

The  bonds,  in  the  amount  of  $500  000,  issued  by  Imperial  Water 
Company  No.  8  are  20-year  bonds  bearing  interest  at  6  per  cent. 
The  irrigators,  in  addition  to  paying  50  cents  per  acre-foot  of 
water,  also  pay  for  the  maintenance  of  the  canals  and  for  their 
operation. 

The  Imperial  Land  Company  is  another  corporation  atHliated 
with  the  California  Development  Company.  It  was  entrusted  by 
the  latter  with  the  sale  of  the  stock  issued  by  the  above-mentioned 
mutual  companies,  and  was  paid  a  commission  of  25%  on  all  sales 
of  stock. 

Both  this  company  and  the  Imperial  Construction  Company, 
which  held  the  contracts  for  the  construction  of  the  canal  systems 
for  the  several  mutual  water  companies,  were  closely  related  to  and 
completely  controlled  by  the  California  Development  Company. 

When,  finally,  the  parent  company  became  too  deeply  involved 
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Fig.  1.— Head-Gate  of  Canal  of  Imperial  Water  Company  No.  1.  at  Sharp's 
Heading.  Mexico.  September  Ist.  lOOii. 


Fig.  2.— Brush  Mat  on  South  Side  of  Lower  Mexican  Heading,  Imperial 
Canal.    Looking  North,  August  26th,  1906. 
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dary  at  Calexico,  and  the  extension  of  this  road  was  well  advanced 
into  Mexico  before  sections  of  it  were  destroyed  by  New  River. 

It  appears  probable  that  about  275  000  acres  of  land  in  the  Im- 
perial country  are  suitable  for  irrigation.  The  conditions,  however, 
are  such  that  the  system  of  works  supplying  water  to  this  region 
should  be  absolutely  reliable.  The  region  has  no  auxiliary  sources 
with  which  to  safeguard  a  supply  from  the  Colorado  River.  There 
is  no  soil  water  within  reach.  All  water,  even  that  for  domestic 
use,  must  be  brought  into  the  country  by  the  canal  system. 

Some  idea  of  the  progress  which  has  been  made  in  Imperial  Val- 
ley is  conveyed  in  the  following  statement  from  a  letter  written  by 
Mr.  W.  F.  Holt,  President  of  the  Imperial  Water  Users'  Associa- 
tion, under  date  of  January  17th,  1905. 

"This  country  is  practically  only  3  years  old,  still,  to-day  it  has 
about  10  000  population;  it  has  all  modern  improvements,  such  as 
telephone  systems,  electric  light  plants,  ice  plants,  water-works 
systems,  dozens  of  commercial  houses,  railroads,  good  hotels,  and 
all  other  things  that  go  to  make  up  a  prosperous  community.  There 
are  now  in  the  valley  over  20  000  cattle,  over  30  000  hogs,  and  all 
other  live  stock,  poultry,  etc.,  running  into  thousands.  The  grain 
men  estimate  that  the  present  crop  will  amount  to  over  $1  000  000. 
There  are  eight  public  school  districts  in  the  valley  to-day,  employ- 
ing from  one  to  four  teachers  each.  There  are  six  post  offices. 
*  *  *  *  There  are  two  banks  in  the  valley,  both  doing  a  large 
business,  and  two  other  banks  are  now  erecting  buildings.  *  *  * 
The  Imperial  station  during  1904  was  the  third  station  in  amount 
of  business  done  on  the  Southern  Pacific  System  in  Southern  Cali- 
fornia, Los  Angeles  being  the  first  and  San  Pedro  the  second." 


Irrigation  in  Lower  California,  Mexico. 

Some  of  the  water  diverted  by  the  California  Development  Com- 
pany from  the  Colorado  River  has  been  used  on  lands  in  Lower 
California.  There  has  not  been  any  subdivision  of  land  there,  nor 
any  attempt  to  colonize.  Irrigation  has  been  confined  to  the  opera- 
tions of  the  California  and  Mexico  Land  and  Cattle  Company, 
which  has  had  under  cultivation  by  irrigation  some  4  000  acres  near 
Mexicali,  and  is  prepared  to  extend  this  area  rapidly  to  cover  en- 
tirely a  tract  of  10  000  acres,  as  soon  as  the  supply  of  water  is  suffi- 
ciently safeguarded. 
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Fig.  1.— Dam  Across  Lower  Mexican  Heading,  Imperial  Canal.  Nearing  Completion, 

November  I3th.  1906. 


/Iter* 
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Fig.  ~.     Bv-I-'ass  at  Lowkk  .Mkxkan  Heading.  Imperial  Canal.  Closed 
November  1.3th.  1906. 
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The  ownership  of  this  10  000-acre  tract  is  apparently  in  the  Colo- 
rado River  Land  Company;  it  was  acquired,  with  rights  to  water, 
from  the  California  Development  Company  or  its  affiliated  Mexican 
corporation.  The  Colorado  River  Land  Company,  it  is  understood, 
now  owns  450  000  acres  acquired  from  Guillermo  Andrade,  and 
holds  a  lease  and  contract  of  sale  to  223  560  acres  more.  For  all 
this  land,  which  has  passed  through  the  hands  of  Andrade,  water 
rights  in  the  Imperial  canal  are  claimed,  and  it  is  asserted,  more- 
over, that  the  contracts  for  water  for  this  land  were  made  with  the 
canal  company  before  the  California  Development  Company  had 
made  its  contracts  with  the  mutual  water  companies  of  the  Im- 
perial Valley.  It  is  well  known  that  mvich  of  this  land  for  which 
rights  to  water  from  the  Imperial  Canal  are  claimed  is  located 
favorably,  and  is  otherwise  well  suited  for  irrigation. 

Flow  of  Colorado  River,  and  Time  Required  to  Fill 
Salton  Basin. 

The  Colorado  River  system  drains  portions  of  Wyoming,  Utah, 
Colorado,  and  New  Mexico.  It  has  a  water-shed  of  225  000  sq. 
miles.  The  normal  annual  run-off  from  this  area  is  approximately 
9  000  000  acre-feet.  This  is  distributed  in  the  several  months  about 
as  shown  in  Table  1. 

TABLE  1. 


Month. 

Second-feet. 

Acre-feet. 

January 

4  500 

4  800 

5  100 
9  500 

29  one 

40  000 

33  000 

9  009 

6  700 
5  ."iOO 
5  30fl 

4  roo 

280  000 

February 

270  000 

Marcb 

320  000 

April 

570  000 

May 

1  800  OOO 

June 

2  400  000 

July 

1  400  000 

August 

550  000 

September 

400  000 

October 

340  000 

November 

310  000 

December         

290  000 

The  gauge  records  prior  to  1894  were  not  used  in  the  preparation  of  Table  1, 
owing  to  the  fact  that  the  relation  between  water -surface  elevation  and  discharge  for 
earlier  years  has  not  been  determined. 

The  flow  of  1906  has  not  been  considered  in  preparing  Table  1. 
The  run-off  for  1906  will  probably  exceed  that  of  1905.  With  1906 
included  in  the  computation,  the  river's  normal  flow  at  Yuma  should 
be  noted  at  about  10  000  000  acre-feet  per  annum. 
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It  seems  probable  that  the  normal  flow  of  the  river,  if  estimated 
with  the  two  years  of  excessive  run-off,  1905  and  1906,  included, 
would  be  entei'ed  at  too  high  a  fignre.  It  has  not  seemed  proper  to 
include  both  these  years  (the  latter  still  incomplete),  in  view  of  the 
fact  that  it  is  known  from  gauge  records  at  Yuma  since  1878  that 
the  discharge  in  no  other  year  exceeded  much  more  than  one-half 
of  the  discharge  in  either  of  these  two  years.  The  gauge  records  in- 
dicate that  the  occurrence  of  years  of  such  great  flow  is  not  frequent. 

The  area  of  Salton  Basin  below  a  contour  line  30  ft.  above  sea 
level  is  1  947  sq.  miles.  As  the  water  rises  from  the  bed  of  the  basin 
to  the  height  of  a  full  basin,  the  area  of  Salton  Sea  will  increase, 
as  follows : 

For   water   surface   278   ft.   below   sea   level:   Area  0   sq.   miles. 


surface 

278 

ft. 

below 

sea 

level : 

Are. 

1          0 

sq 

" 

253*  '• 

247 

200 

a 

447 

a 

150 

" 

647 

a 

100 

a 

916 

a 

50 

a 

1146 

u 

at  sea 

level 

1753 

i( 

30 

ft. 

above 

seal 

level : 

1947 

The  rate  of  evaporation  from  a  large  open  water  surface  in  the 
Colorado  Desert  has  not  been  determined.  Some  experiments  made 
at  Yuma  by  the  Agricultural  Department  indicate  that  the  evapora- 
tion will  be  nearly  7  ft.  per  j'ear  from  small  confined  bodies  of 
water  directly  exposed  to  the  full  energy  of  the  sun's  rays  and 
freely  wind  swept.  It  is  believed  that  the  evaporation  from  a  large 
body  of  water  will  be  less  than  this.  Evaporation  near  Tulare  Lake 
in  San  Joaquin  Valley,  is  about  4  ft.  per  annum.t  The  climate 
there  is  not  as  continuously  hot  and  dry  during  the  summer  as  in 
the  Colorado  Desert.  It  is  to  be  assmned  that  evaporation  in  the 
desert  will  be  considerably  in  excess  of  that  near  Tulare  Lake,  and, 
in  the  absence  of  better  information,  it  may  be  placed  at  about  6  ft. 
per  annum  effective  (not  allowing  for  rainfall,  which  is  probably 
about  3  in.  per  annum).  On  this  assumption,  and  on  the  further 
assumption  that  the  river's  annual  output  will  be  9  000  000  acre- 
feet  of  water,  it  is  possible  to  forecast  what   will  probably  be  the 

*  Water  surface  on  .lanuary  1st,  1S06. 

+  Physical  Data  and  Statistics— State  Engineering  Dept.,  Califomin.  p.  380. 
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stage  of  the  Saltoii  Sea,  if  the  Colorado  River  continues  to  flow  in- 
hind.  The  actual  stage  will  vary  from  this  forecast  according  to 
the  variation  of  the  annual  discharge  from  the  assumed  normal 
river  flow.  It  will  rise  more  slowly  if  there  he  a  succession  of  dry 
seasons,  and  more  quickly  if  the  conditions  of  excessive  rain  of  the 
last  two  years  continue  to  prevail.  It  will  also  vary  from  this  fore- 
cast if  there  is  material  error  in  the  assumed  rate  of  evaporation. 

Evaporation  from  the  Salton  Sea  at  6  ft.  per  annum  plus  rain- 
fall would  reduce  the  water  accession  as  follows : 

At   water  surface   200   ft.   below   sea   level,   1  700  000   acre-feet   per 

annum. 
At   water   surface   150   ft.   below   sea   level,   2  500  000   acre-feet   per 

annum. 
At  water   surface   100   ft.   below   sea   level,   3  500  000   acre-feet   per 

annum. 
At   water  surface     50   ft.   below   sea   level,   4  400  000   acre-feet   per 

annum. 
At  water  surface,  sea  level,  6  700  000  acre-feet  per  annum. 
At   water   surface,   30   ft.    above   sea   level,   7  400  000    acre-feet   per 

annum. 

The  probable  annual  increase  in  the  quantity  of  water  in  the 
Salton  Sea,  therefore,  will  be  (river  discharge  minus  evaporation)  : 

At  water  surface  200  ft.  below  sea  level,  7  300  000  acre-feet. 
"       "  "        150    "        "        '•'       "       6  500  000 

"       "  "        100    "        "        "       "       5  500  000 

u        a  u  5Q     u  u  a        u        4  000  000  " 

"       "  "        sea  level,  2  300  000         " 

'*'      "  "  30  ft.  above  sea  level,  1  600  000         " 

The  water  surface,  therefore,  must  be  expected  to  rise  at   the 
following  rates  per  annum : 

At  water  surface  200  ft.  below  sea  level,  25.5  ft. 

"       "  "  150  "  "  "       "       15.7  " 

«        a  u  100  ''  "  "        ''          9  4  " 

a        a  a  tri  a  u  ((        a  no  a 

"       "  ''  sea  level,  2.0    " 

"       "  "  30  ft.  above  sea  level,     1.2    " 
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At  the  close  of  1906  the  Salton  Sea  will  be  at  an  elevation  of 
about  206  ft.  below  sea  level.  Applying  the  above-noted  annual 
probable  rates  at  which  the  water  will  rise,  it  will  be  found  that  the 
following  stages  of  the  water  appear  probable : 


Jam- 


ary    1st,    1907,    206    ft.    below   sea    level. 
1908,    182    "         "  "         " 


1909, 

163 

1910, 

147 

1912, 

120 

1914, 

99 

1916, 

82 

1918, 
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At  a  lake  stage  of  23  ft.  or  more  above  sea  level,  there  would 
be  some  outflow  through  New  River  and  Hardy's  Colorado  to  the 
Gulf,  and  thereafter  the  rise  to  higher  lake  stages  would  be  very 
slow. 

An   assumed   mean    annual   delivery   of   10  000  000    acre-feet   of 
water  into  the  Salton  Sea  would  have  made  the  following  water 
stages  appear  probable : 
Janv 


luary  1st,  1908, 

179 

ft. 

below 

sea 

level. 

"     "       1910, 
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"     "   1915, 
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a 

Effect  of  a  Permanent  River  Change  on  Irrigation  Possibilities. 
The  seriousness  of  the  situation  on  the  Colorado  River  will  ap- 
pear from  some  additional  considerations. 
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During  all  the  time  required  to  fill  Salton  Basin,  the  Colorado 
Kiver  will  have  gradients  at  points  below  Yuma  exceeding  those 
which  it  has  long  maintained  with  but  little  and  very  slow  change 
while  it  flowed  to  the  Gulf.  The  river,  therefore,  if  the  flow  to  the 
Salton  Basin  be  not  stopped,  will  cut  its  channel  deeper  into  the 
ground  near  Yuma.  Its  stages  will  be  lower  there  than  in  the  past 
for  corresponding  volumes  of  flow. 

Depression  of  the  river  channel  will  continue  during  the  years 
that  the  water  surface  of  Salton  Sea  remains  materially  below  sea 
level;  but,  as  the  water  of  the  sea  rises  to  sea  level  and  to  higher 
elevations,  there  will  be  a  corresponding  rise  in  the  bed  of  the  river 
channel  and  a  gradual'  restoration  of  channel  elevations  at  and 
above  Yuma  to  those  which  have  been  maintained  so  long  in  the 
past. 

No  prediction  can  be  made  as  to  the  amount  of  channel  deep- 
ening which  will  result  from  a  continued  flow  into  Salton  Basin. 
This  will  depend  in  large  measure  upon  the  character  of  the  mate- 
rial encountered  as  the  river-bed  sinks  deeper  below  the  present 
surface  of  the  alluvial  deposits  at  and  above  Yuma.  It  is  quite 
possible  that  at  points  below  Yuma,  where  light  alluvial  material 
to  a  great  depth  is  to  be  assumed,  the  cutting  will  approach  or  even 
exceed  100  ft.  in  depth. 

Whatever  this  deepening  of  channel  at  Yuma  may  be,  it  will 
be  a  serious  matter  for  the  lands  of  the  river  valleys  all  the  way 
up  stream  to  the  river's  canon.  Throughout  all  these  valleys  the 
water  of  the  river  may  cut  its  channel  so  deep  that  irrigation  will 
be  out  of  the  question,  and  it  may  swing  back  and  forth  until  it 
cuts  away  most  of  the  land  of  these  valleys  now  awaiting  the  appli- 
cation of  water. 

The  future  of  some  400  000  acres  of  land  along  the  Colorado 
River  is  thus  imperiled.  It  is  not  probable  that  any  reasonable  pro- 
ject can  be  devised  for  their  protection  or  for  their  irrigation,  if 
the  river  be  not  speedily  turned,  until  the  Salton  Sea  approaches 
its  full  stage. 

If  the  river  be  not  turned  during  the  present  low-water  period 
(before  the  end  of  March,  1907),  then  the  succeeding  high  stage  may 
menace  the  work  now  being  done  by  the  United  States  at  Laguna, 
some  12  miles  above  Yuma.     The  construction  at  that  point  of  a 
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dam  resting  upon  river  silt  may  have  to  be  abandoned,  and  all 
irrigation  projects  along  the  lower  river  may  have  to  be  modified 
to  suit  new  conditions,  or  be  entirely  abandoned. 

During  the  time  that  the  river  discharges  into  Salton  Sea  it 
will  (as  already  stated)  drop  most  of  its  silt  at  the  lake  margin.  It 
will  refill  the  great  New  River  barranca.  Progressively,  as 
the  water  of  the  inland  lake  rises,  it  will  build  up  its  bed 
again,  until  the  water  stages  at  Yuma  are  again  as  high  as  they 
have  been  heretofore.  Wlien  at  last  Salton  Basin  is  full,  the  river 
will  not  only  be  again  at  and  above  bank  heights  at  its  high  stages, 
but  the  gradients  along  its  course  inland  will  become  less  than  the 
gradients  in  the  direction  toward  the  Gulf.  The  river  will  then  be 
ready  to  resume  its  flow  to  the  south,  and  the  turning  can  probably 
be  effected  easily  across  the  dry,  barren  waste  which  will  have  taken 
the  place  of  the  present  well-watered  river  delta. 

Operations  of  a  Prwate  Corporation  in  Mexico  Caused  the 
Temporary  Inland  Flow  of  the  River. 

The  artificial  cut  in  which  water  flows  westward  from  the  Colo- 
rado to  the  Imperial  Canal,  which  has  become  the  river  channel, 
is  located  in  Mexico,  as  already  explained,  4  miles  below  the  boun- 
dary line.  It  was  constructed  by  a  private  canal  company  operating 
under  a  concession  from  Mexico.  The  work  was  at  no  time  under  the 
supervision  or  control  of  any  branch  of  the  Government  of  the 
United  States.  It  came  under  the  observation  of  officials  of  the  De- 
partment of  the  Interior,  who,  in  their  work  on  the  reclamation  pro- 
jects of  the  Lower  Colorado,  and  their  studies  of  the  duty  of  water 
in  the  Imperial  region,  measured  the  stream  flow  at  Yuma  and  the 
canal  flow  at  a  number  of  convenient  points.  As  soon  as  the  flow 
of  the  water  on  the  Lower  Mexican  Heading  exceeded  irrigation 
requirements,  and  attempts  were  made  to  stop  the  flow  from  the 
river  into  this  heading,  the  representatives  of  the  Reclamation  Ser- 
vice who  had  charge  of  this  work  foresaw  the  possible  effect  of  a 
large  diversion  at  that  point,  and  made  frequent  reports  on  the  sit- 
uation. In  this  way  the  Department  of  the  Interior  has  had  knowl- 
edge of  the  operations  on  the  river,  but  neither  at  the  river  nor  in 
the  Imperial  Valley  has  it,  or  any  other  branch  of  the  Federal 
Government,  been  connected  in  any  way  with  the  enterprise  that 
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has  led  up  to  the  present  situation.  This  statement  would  be  super- 
fluous, except  for  the  fact  that  in  many  sections  the  impression  pre- 
vails that  the  irrigation  work  in  the  Imperial  Valley  had  been  under- 
taken or  taken  over  by  the  Reclamation  Service. 

It  should  be  noted  that  a  proposition  to  assist  the  Imperial  Val- 
ley was  under  consideration  by  the  Reclamation  Service  in  1904. 
At  that  time  a  Water  Users'  Association  had  been  formed,  and, 
after  negotiations  with  the  owners  of  the  Imperial  Canal  System, 
this  Association  urged  upon  the  Reclamation  Service  the  purchase 
of  the  properties  of  the  California  Development  Company  with 
certain  exceptions,  for  the  sum  of  $3  000  000.  This  price  was  con- 
sidered too  high.  This  and  other  circumstances,  notably  the  com- 
plications resulting  from  the  necessity  of  carrying  water  through 
Mexico,  made  it  impracticable  for  the  Reclamation  Service  to  come 
to  the  aid  of  the  settlers. 


Colorado  Rwer  as  an  International  Boundary, 
The  River's  Navigability. 

The  Colorado  River,  beginning  at  a  point  about  8  miles  below 
Yuma,  where  the  boundary  line  between  California  and  Lower  Cali- 
fornia leaves  the  river,  is  the  boundary  between  the  United  States 
and  Mexico  for  a  distance  of  about  20  miles.  The  position  of  this 
part  of  the  international  boundary  is  defined  as  the  middle  of  the 
stream.  The  navigability  of  this  part  of  the  river  was  apparently 
recognized  in  the  treaties  of  Mexico  relating  to  the  international 
boundary.  According  to  the  provisions  of  the  treaty  of  Guadalupe 
Hidalgo  (1848),  neither  country  is  to  permit  works  throughout  the 
portion  of  the  river  which  is  common  boundary  which  would  inter- 
fere with  the  navigability  of  the  river.  The  treaty  of  1853  cancels 
this  provision,  but  guarantees  to  the  United  States  the  free  and  un- 
interrupted passage  of  vessels  and  citizens  so  far  as  the  river  forms 
the  common  boundary  between  the  two  countries. 

There  has  been  practically  no  commerce  on  the  river  below  Yuma 
since  the  completion  of  the  Southern  Pacific  Railroad  in  187Y;  and 
there  has  been  no  expenditure  by  the  War  Department  for  its  im- 
provement. The  result  of  a  preliminary  examination  of  the  Colo- 
rado River  from  Yuma  to  the  Mexican  boundary  line  is  reported  as 
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follows  by  General  G.  L.  Gillesjne,  (^liief  of  Engineers,  under  date 
of  December  1st,  1903  : 

"In  the  opinion  of  Captain  Jadwin,  the  Division  Engineer, 
Lieut.-Col.  D.  P.  Heap,  Corps  of  Engineers,  and  the  Board  of 
Engineers  for  Rivers  and  Harbors,  which  has  reviewed  this  report, 
in  pursuance  of  Sections  3  and  14  of  the  above  mentioned  act,  the 
locality  is  not  worthy  of  improvement  by  the  United  States." 

Referring  to  the  situation  at  the  Lower  Mexican  Heading,  Col. 
W.  H.  Heuer,  Engineer  Corps,  IT.  S.  Army,  under  date  of  Septem- 
ber 13th,  1905,  reported : 

"Under  these  circumstances  it  would  seem  that  the  costs  of  in- 
vestigation, plans,  estimates  and  work  of  closing  or  controlling  the 
outlets,  if  such  should  be  required,  should  be  borne  not  by  the  War 
Department,  but  by  others  whose  interests  involved  are  incom- 
parably greater." 
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The  subject  of  this  paper  is  a  review  of  the  mechanical  features 
of  movable  bridges,  and  a  set  of  specifications  covering  their  operat- 
ing machinery  or  kinetic  parts,  which  the  writer  respectfully  sub- 
mits for  discussion  and  criticism.  The  specifications  contain  the 
writer's  views  as  to  construction  and  workmanship,  also  the  prin- 
ciples he  has  followed  for  his  own  guide  and  practice  in  designing 
movable  bridges.  To  his  knowledge,  no  specifications  of  this  kind 
have  been  published,  up  to  the  present  time.  He  hopes  that  this 
paper  will  bring  out  a  full  discussion  from  those  who  have  had  ex- 
perience with  movable  bridges  and  other  mechanical  work  covered 
by  his  specifications. 

A  movable  bridge  is  one  which  may  be  turned  or  drawn  to  one 
side,  lifted  up,  or  let  down,  so  as  to  permit  vessels  to  pass  in  the 
stream  which  it  spans. 

Movable  bridges  may  be  classified  as  follows : 

1. — Swing  bridges,  turning  about  a  vertical  axis; 
2.- — Bascule  bridges,  turning  about  a  horizontal  axis,  or  roll- 
ing back  on  a  circular  segment; 

Note.- — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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3. — Traversing  or  retractile  bridges,  moving  horizontally; 
4. — Lift  bridges,  lifting  vertically; 

5. — Transporter  or  ferry  bridges,  consisting  of  a  fixed  span 
with  suspended  traveler. 

As  belonging  to  the  movable  bridges,  may  also  be  mentioned  the 
pontoon  or  floating  swing  bridge.  As  it  is  hardly  likely  that  this 
type  of  bridge  will  be  much  used  in  America,  it  will  not  be  con- 
sidered in  this  paper. 

1. — Swing  Bridges. 

The  swing  bridge  consists  of  the  superstructure  attached  to  and 
turning  around  a  pivot,  and  provided  with  some  means  whereby, 
when  closed,  the  deflection  of  the  girders  may  be  taken  out  and  the 
ends  supported  at  the  proper  level.  The  pivot  may  be  in  the  center 
of  the  span,  forming  a  truss  of  two  equal  arms  which  balance  each 
other  and  give  two  openings  for  navigation;  or  it  may  be  at  one 
side  of  the  center,  forming  a  truss  with  unequal  arms,  in  which 
case  the  short  arm  is  counterweighted  to  balance  the  bridge  about 
its  pivot.  They  may  be  single  or  double ;  in  the  latter  case,  they  will 
have  to  be  provided  with  a  locking  arrangement  at  the  center  where 
the  arms  meet,  while  the  shore  ends  will  have  to  be  held  down  or 
anchored  to  the  masonry  when  the  bridge  is  closed,  acting  as  canti- 
levers. Swing  bridges  are  divided  into  three  classes:  Center-bear- 
ing, rim-bearing,  and  a  combination  of  the  two. 

The  Center-Bearing  Bridge. — This  bridge,  while  swinging,  is 
carried  entirely  on  the  center  pivot.  The  trailing  wheels,  which 
roll  on  a  track  near  the  outer  edge  of  the  pier,  are  not  assumed  to 
carry  any  load,  but  are  used  to  balance  the  bridge  and  insure  lat- 
eral stability  while  swinging.  In  short,  light,  highway  spans  the 
portion  of  the  live  load  which  comes  on  the  center  when  the  bridge 
is  closed  is  sometimes  also  carried  by  the  pivot.  In  more  important 
highway  bridges,  and  in  all  railroad  bridges  however  built  at  the 
pi'esent  time,  the  live  load  at  the  center  is  carried  on  wedges  or 
other  independent  supports  on  the  pivot  pier.  In  some  cases  center- 
bearing  bridges  of  small  spans  are  supported  and  balanced  by  the 
center  pivot  while  swinging — dispensing  with  balance  wheels.  They 
are  generally  lifted  bodily  at  the  center  by  hydraulic  pressure  to 
clear  the  end  benrings. 


Papers.]  MOVABLE    BRIDGES.  155 

The  Rim-Bearing  Bridge. — This  bridge,  while  swinging,  is  car- 
ried by  a  circular  girder  or  drum  on  a  concentric  ring  of  conical 
rollers  which  roll  on  a  corresponding  roller  path  or  track;  the  center 
pivot  receives  no  load.  The  rollers  also  carry  the  live  load  at  the 
pivot  pier  when  the  bridge  is  closed. 

The  less  important  types  of  swing  bridges  are:  The  shear-pole 
draw  and  the  jack-knife  draw. 

The  Shear-Pole  Draw. — This  bridge  has  only  one  leaf  turning 
around  a  pivot  at  one  end;  the  other  end,  while  swinging,  is  sus- 
pended from  the  top  of  a  two-legged  shear-pole  by  rods  which  are 
attached  to  a  pivot  which  is  vertically  in  the  same  line  as  the  pivot 
below.  The  shear-pole  is  stayed  by  guy  rods  from  the  shore  end. 
Wlien  the  bridge  is  closed  it  forms  a  simple  span  supported  at  both 
ends. 

The  JacTc-Knife  or  Folding  Draw. — This  bridge  differs  from  the 
shear-pole  draw  in  that  it  consists  of  two  or  more  separate  trusses 
or  girders,  each  girder  swinging  horizontally  around  its  own  pivot 
at  one  end.  The  other  end,  while  swinging,  is  suspended  from  a 
frame  or  tower  by  rods  attached  to  pivots  on  top  of  the  frame.  The 
rails  are  fastened  to  the  top  of  each  girder;  there  are  no  ties.  The 
girders  are  connected  with  hinged  links,  and  fold  up  close  to  each 
other  when  the  bridge  is  fully  opened.  When  the  bridge  is  closed 
one  end  of  each  girder  rests  on  the  shoe  at  the  abutment  while  the 
other  end  rests  on  the  pivot.  This  type  of  bridge  can  only  be  used 
for  railroad  traffic. 

2.— Bascule  Bridges. 
This  type  has  been  productive  of  a  greater  variety  of  designs 
than  any  other  kind  of  movable  bridge.  Some  are  designed  to  ro- 
tate about  trunnions  at  one  end,  the  other  end  being  lifted  by  hoist- 
ing ropes  from  a  tower;  some  are  turned  by  gearing  on  a  segment; 
some  roll  back  on  circular  segments,  and  others  have  a  combined 
motion  of  turning  and  rolling.  Nearly  all  the  mechanical  motions 
and  devices  have  been  used  in  designing  operating  mechanisms  and 
machinery  for  bascule  bridges.  The  various  patented  designs  of- 
fered are  so  numerous  and  of  such  variety  as  to  preclude  their  men- 
tion. Bascule  bridges  are  made  in  one  leaf,  or  in  two  leaves  which 
meet  in  the  center.  The  two-leaf  bridges  have  a  locking  device  at 
the  ends,  and  are  arranged  to  act  as  cantilevers  when  closed,  and 
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sometimes  as  three-hinged  arches.  All  bascule  bridges  are  counter- 
weighted  to  reduce  the  power  required  for  operation.  Some  very 
ingenious  arrangements  of  counterweighting  have  been  devised  to 
balance  the  weight  of  the  span  in  all  stages  and  positions  during 
opening  and  closing.  The  writer  hopes  that  those  who  have  meri- 
torious designs  to  offer  will  submit  them  and  point  out  their  ad- 
vantages, in  the  discussion  of  this  paper. 

3. — Traversing  or  Ketractile  Bridges. 
Traversing  or  retractile  bridges  consist  of  a  simple  span  across 
an  opening,  extended  some  distance  on  one  side  over  the  abutment. 
This  portion  is  supported  on  wheels,  and  is  counterweighted,  the 
overhanging  portion  acting  as  a  cantilever  when  the  bridge  is  mov- 
ing, and  resting  on  the  opposite  abutment  when  closed.  Traversing 
bridges  are  constructed  so  as  to  be  capable  of  being  rolled  hori- 
zontally backward  in  the  direction  of  the  center  line,  or  trans- 
versely to  the  center  line  of  the  bridge.  In  the  latter  case  the 
bridge  generally  crosses  the  opening  on  a  skew.  In  some  cases  the 
bridge  rolls  transversely  upon  its  carriage  until  it  has  passed  and 
cleared  the  track,  and  then  rolls  backward  to  clear  the  waterway. 

4. — Lift  Bridges. 
A  lift  bridge  consists  of  a  simple  span  resting  on  abutments 
when  closed.  To  the  ends  of  the  girders  are  attached  ropes  or 
chains  which  pass  over  sheaves  on  top  of  a  frame  at  each  end  of  the 
bridge,  by  which  the  vertical  motion  is  accomplished.  They  are 
counterbalanced  to  reduce  the  power  required  for  lifting. 

5. — Transporter  or  Ferry  Bridges. 
This  type  consists  of  an  elevated  fixed  span  supported  on  towers 
on  each  side  of  the  stream.  From  this  fixed  span  is  suspended  a 
platform  or  car  which  travels  across  the  opening  and  thus  conveys 
the  traffic  from  shore  to  shore.  The  elevation  of  the  fixed  span  is 
such  as  to  clear  navigation.  The  first  bridges  of  this  kind  were  of 
the  suspension  type,  with  a  car  suspended  by  wire  rope.  The  only 
example  of  this  type  in  America  is  the  ferry  bridge  across  the  ship 
canal  at  Duluth,  Minn.,  of  about  390  ft.  clear  span.  For  the  fixed 
span,  riveted  steel  trusses  are  used,  and  the  car  or  traveler  suspen- 
sion is  of  a  substantial  riveted  construction. 
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Selection  of  Design. 

It  is  impossible  to  lay  down  any  hard  and  fast  rule  as  to  which 
kind  of  bridge  is  best  adapted  for  a  certain  location  and  under  cer- 
tain conditions;  there  are  so  many  factors  entering  into  the  prob- 
lem that  even  the  experienced  designer  is  often  at  a  loss  to  decide 
on  the  proper  kind  of  structure. 

The  writer,  in  his  own  practice,  has  always  observed  the  follow- 
ing fundamental  principles  in  selecting  a  design  for  any  kind  of 
movable  bridge: 

1. — When  the  bridge  is  closed,  and  ready  to  carry  traffic,  it 
should  be  as  nearly  as  possible  a  fixed  span,  comply- 
ing with  the  requirements  of  good  practice  for  a  per- 
manent structure. 
2. — The  operating  machinery  should  be  designed  so  that  the 
bridge  can  be  easily  handled  and  operated  while  mov- 
ing. The  most  simple  design  which  gives  the  least 
frictional  resistance,  and  also  the  least  first  cost  and 
cost  of  subsequent  operation  and  maintenance,  should 
receive  the  preference. 
3, — The  structural  and  machinery  parts  of  the  bridge  should 
be  separate  and  distinct.  That  is,  when  the  bridge  is 
closed,  acting  as  a  fi^ed  span,  the  machinery  parts 
should  receive  no  strain;  and  only  when  the  bridge  is 
moving  should  the  machinery  parts  be  in  service. 

When  there  are  no  restricting  conditions,  a  swing  bridge  is 
generally  the  most  satisfactory.  It  is  best  adapted  for  long  spans ; 
and,  for  spanning  two  equal  openings,  it  is  the  most  economical  and 
simple  of  any.  Swing  bridges  have  been  built  for  single-  and 
double-  track  railroad  structures  up  to  520  ft.  span,  and  for  four- 
track  structures  up  to  390  ft.  span,  and  may  be  used  for  spans  of 
much  greater  length.  If  there  are  no  other  restricting  conditions, 
a  swing  bridge  with  equal  arms  should  be  selected.  If  the  condi- 
tions are  such  that  the  pivot  pier  has  to  be  located  at  or  near  the 
shore,  with  limited  room  back  of  the  shore  end,  a  bridge  of  unequal 
arms  will  be  best  adapted,  provided  space  is  available  for  swinging 
the  bridge. 

As  stated  before,  the  usual  types  are  center-bearing  and  rim- 
bearing  swing  bridges.   The  center-bearing  type,  designed  in  accord- 
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ance  with  good  modern  practice,  offers  more  advantages  than  the 
rim-bearing  type,  and  should  always  receive  the  first  consideration 
in  determining  upon  a  design.  It  requires  less  power  to  turn,  has  a 
smaller  number  of  moving  parts,  is  less  expensive  to  construct  and 
maintain,  requires  less  accurate  construction  than  the  rim-bearing 
bridge,  and  does  not  as  easily  get  out  of  order.  The  structural  and 
the  operating  or  machinery  parts  are  entirely  separate,  and  when 
the  bridge  is  closed  it  forms  either  two  independent  fixed  spans,  or 
a  fixed  span  continuous  over  two  openings  resting  on  firm,  substan- 
tial supports.  There  are  no  ambiguities  in  the  calculations,  in  ref- 
erence to  the  distribution  of  the  load,  and  the  distance  required 
from  base  of  rail  to  masonry  is  generally  less  than  that  required  for 
a  rim-bearing  bridge  with  proper  distribution  of  the  load  over  the 
drum.  Any  irregular  settlement  of  the  masonry  does  not  materially 
affect  its  operation. 

On  the  other  hand,  the  rim-bearing  bridge  requires  a  circular 
girder  or  drum  of  difficult  and  expensive  construction,  a  ring  of 
accurately-turned  rollers,  and  circular  tracks,  which  require  great 
care  in  their  construction  and  delicate  adjustment  in  their  erection 
in  order  to  make  the  bridge  operate  satisfactorily.  Repairs  are 
troublesome  and  expensive,  and  any  irregular  settlement  of  the 
masonry  will  throw  the  whole  turning  apparatus  out  of  order. 

The  only  limit  to  the  center-bearing  type  is  generally  the  width 
of  the  bridge.  As  the  entire  weight  of  the  bridge  while  swinging 
is  carried  on  the  cross-girders  to  the  center  pivot,  these  girders — if 
the  width  is  excessive — may  become  so  long,  and  the  weight  they 
have  to  carry  so  great,  as  to  make  their  construction  impracticable. 
Center-bearing  bridges  are  adapted  for  single-track  structures  of 
any  span,  and  for  double-track  they  have  proven  satisfactory  up 
to  323  ft.  total  span.  The  writer  has  also  used  the  center-bearing 
type  for  a  three-track  bridge  of  200  ft.  total  span.  For  four-track 
bridges  of  long  span,  and  for  heavy  highway  bridges  carrying  wide 
city  streets,  the  center-bearing  type  is  not  as  well  adapted. 

In  the  center-bearing  swing  bridge  of  the  modern  type  of  con- 
struction, the  entire  load  while  swinging  is  carried  on  the  pivot; 
the  trailing  wheels  are  adjusted  so  as  to  have  a  little  clearance. 
When  the  bridge  is  closed,  the  trusses  at  the  center  are  borne  on 
wedges  or  other  substantial  supports.     These  supports  are  not  sup- 
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posed  to  lift,  but  should  only  couie  in  contact ;  they  carry  practically 
all  the  live  load.  The  center  supports  and  end  lifts  should  be  con- 
nected so  as  to  work  simultaneously,  and  adjusted  so  that,  when  the 
center  supports  come  to  a  bearing,  the  ends  are  lifted  to  their  proper 
level.  For  the  center  supports  the  writer  uses  wedges  with  a  bevel 
of  1  to  10.  The  trailing  wheels  he  has  used  in  connection  with  this 
type  of  bridge  are  from  15  to  20  in.  in  diameter  and  from  4  to  6  in. 
in  tread.  He  generally  uses  eight  wheels,  two  on  each  side  of  the 
center  line  of  the  floor  system  to  balance  the  bridge  transversely,  and 
two  pairs  at  right  angles  to  them  to  balance  the  bridge  longitudinally, 
while  swinging.  It  is  his  practice  to  proportion  the  diameter, 
width  of  tread,  size  of  axles,  and  journals  of  the  wheels  on  each  side 
of  the  track  for  an  overturning  wind  pressure  of  20  lb.  per  sq.  ft. 
while  swinging,  and  make  the  other  wheels  duplicates  of  the  same. 

There  are  two  methods  of  carrying  the  weight  on  the  center 
pivot  of  a  swing  bridge:  by  suspension  or  by  superposition.  The 
advantages  of  the  suspension  method  are  that  it  brings  the  point 
of  support  nearer  the  center  of  gravity  of  the  bridge,  that  the  disks 
or  rollers  can  be  readily  taken  out,  examined,  or  replaced  without 
stopping  the  traffic  over  the  bridge,  and,  also,  that  it  affords  an  easy 
means  of  adjiTsting  the  height.  Several  kinds  of  pivots  have  been 
used  for  swing  bridges :  with  disks,  conical  rollers  and  balls.  In  the 
writer's  experience,  disks  have  given  the  best  results.  Conical  rol- 
lers have  proven  unsatisfactory,  and  have  given  more  or  less  trou- 
ble in  many  cases  where  they  have  been  used.  As  the  frictional  re- 
sistance in  rollers  is  approximately  the  same  as  in  disks,  the  pivot 
with  conical  rollers  has  no  advantages,  and,  therefore,  is  not  to  be 
recormnended.  The  best  results  have  been  obtained  with  a  phos- 
phor-bronze disk  between  two  hardened-steel  disks.  As  the  surfaces 
of  the  hardened-steel  disks  in  contact  with  phosphor-bronze  will 
not  wear  out,  the  wearing  is  confined  to  the  phosphor-bronze  disk, 
which  is,  therefore,  practically  the  only  part  outside  of  the  operat- 
ing machinery  which  will  in  time  wear  out  and  have  to  be  re- 
placed. 

Ball  bearings  have  been  used  in  some  cases,  and  it  is  claimed  that 
they  have  proven  satisfactory  on  account  of  the  great  reduction  of 
friction.  The  writer  has  not  been  able  to  obtain  any  reliable  data 
on  this  subject. 
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If  the  conditions  are  such  as  to  make  a  center-bearing  swing 
bridge  impracticable,  the  rim-bearing  type  has  to  be  used. 

The  most  important  requirement  for  a  satisfactory  rim-bearing 
swing  bridge  is  to  have  the  load  equally  distributed  over  all  the 
rollers.  If  this  is  not  accomplished,  some  rollers  will  receive  more 
load  than  others,  the  drum  with  the  upper  track  will  deflect  between 
the  points  of  support,  and  the  bridge  will  turn  hard,  and,  conse- 
quently, there  will  be  a  great  deal  of  unnecessary  wear  and  tear  on 
the  rollers  and  track.  In  order  to  obtain  an  equal  distribution,  it  is 
necessary  to  have  practically  no  deflection  in  the  drum  between  the 
points  of  support.  To  effect  this,  the  points  of  support  should  be 
close  together  and  the  depth  of  the  drum  relatively  great.  In  the 
writer's  judgment,  the  depth  of  the  drum  should  be  not  much 
smaller  than  one-half,  in  no  case  less  than  four-tenths  of  the  dis- 
tance between  the  centers  of  support.  Many  rim-bearing  swing 
bridges  for  single-track  have  been  built  with  only  four  points  of 
support  on  the  drum.  This  is  inadequate  for  good  distribution; 
they  should  have  at  least  eight  points,  and  double-track  bridges 
preferably  more.  The  distribution  should  be  precise,  and  should 
be  arranged  so  that  it  will  not  be  affected  by  the  deflection  of  the 
distributing  girders. 

Rim-bearing  swing  bridges  in  some  cases  give  trouble  on  ac- 
count of  the  center  pivot  working  loose,  as  a  result  of  inaccurate 
workmanship  or  adjustment,  or  by  bad  masonry.  For  this  reason, 
it  is  an  advantage  to  have  a  certain  portion  of  the  weight  on  the 
pivot  while  the  bridge  is  swinging,  as  it  assists  in  resisting  any 
tendency  toward  lateral  movement  on  the  part  of  the  ring  of  live 
rollers.  If  this  is  done,  the  arrangement  of  distribution  should  be 
such  that  the  portion  of  the  load  which  is  to  be  carried  by  the  pivot 
can  be  determined  accurately.  The  usual  practice  in  such  cases  is 
to  carry  about  one-fifth  or  less  of  the  entire  dead  load  on  the  center 
pivot  while  the  bridge  is  swinging. 

In  case  it  is  impracticable  to  carry  a  portion  of  the  load  on  the 
pivot,  the  lower  circular  track  should  be  connected  to  the  pivot  with 
radial  struts  so  that  the  track  and  pivot  form  one  piece  which  can 
be  fitted  together  and  centered  accurately  in  the  shop.  In  order  to 
prevent  the  center  pivot  from  working  loose,  some  engineers  have 
embedded  its  base  in  concrete.     This  method  may  keep  the  pivot  in 
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position,  but  it  does  not  prevent  the  pushing,  pulling  and  wearing 
around  the  collar  of  the  pivot. 

The  live-ring  arrangement  for  separating  and  holding  the  rollers 
— which  was  formerly  popular — consisting  of  adjustable  radial  rods, 
one  end  of  each  rod  carrying  a  roller,  the  other  end  being  connected 
to  a  ring  revolving  around  the  center  pivot,  is,  to  say  the  least,  an 
unmechanical  contrivance.  Good  practice  requires  a  more  sub- 
stantial construction.  The  rollers  should  run  between  two  concen- 
tric circular  girders  firmly  connected  to  each  other;  this  ring 
should  be  connected  to  the  revolving  part  of  the  pivot  by  rigid 
struts. 

End  Lift. — All  swing  bridges  require  an  arrangement  to  lift 
the  ends  when  closed,  so  as  to  make  the  span  continuous  over  three 
or  four  supports,  or  to  make  two  separate  simple  spans.  Various 
mechanical  contrivances  are  used  for  this  purpose,  such  as  rollers, 
screws,  cams,  eccentrics,  toggle  joints,  wedges,  hydraulic  rams,  etc. 
In  the  writer's  opinion,  the  lifting  apparatus  should  fulfill  the  fol- 
lowing requirements : 

1. — The  end  lift  should  have  power  enough  to  lift  the  ends 

to  the  desired  level  with  nearly  uniform  resistance. 
2. — After  the   ends   are   lifted   to   their   final   position,    they 

should  form  solid,  substantial  supports,  similar  to  the 

end  shoes  of  a  fixed  span. 

That  kind  of  end  lift  which  supports  the  ends  of  the  bridge, 
when  closed,  on  rollers,  toggle  joints,  or  links,  is  not  to  be  recom- 
mended. The  writer  has  found  wedges  with  a  bevel  of  1  to  5  or  1 
to  6  the  most  satisfactory.  The  mechanism  for  moving  the  wedges 
can  be  arranged  so  as  to  offer  nearly  uniform  resistance  in  all 
stages  of  the  lifting,  and  also  to  lock  the  wedges  to  prevent  them 
from  sliding  backward.  They  form  as  substantial  supports  for  the 
ends  under  traffic  as  can  be  desired.  Toggle  joints  and  hydraulic 
rams  have  also  proven  satisfactory,  if  supplemented  by  wedges  or 
other  substantial  supports,  after  the  lifting  is  accomplished. 

In  center-bearing  bridges  of  moderate  span,  with  unequal  arms, 
especially  when  the  short  arm  is  over  the  abutment,  it  is  of  ad- 
vantage to  have  the  lifting  apparatus  only  under  one  end.  This 
end  should  have  an  excess  of  weight,  so  that,  when  the  end 
supports  are  removed,  the  bridge  will  tilt  and  throw  some  weight 
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on  the  balance  wheels.  The  opposite  ends  of  the  girders  simply  rest 
on  bed-plates.  This  arrangement  dispenses  with  one-half  of  the 
lifting  machinery. 

Such  tilting  arrangements  may  also  be  used  in  case  the  lifting 
is  done  in  the  center  by  a  hydraulic  ram  under  the  pivot. 

Some  swing  bridges  are  designed  with  sufficient  lift  at  the  ends 
to  make  the  trusses  discontinuous,  so  that  they  will  form  two 
separate  simple  spans  when  the  bridge  is  closed.  The  operation  of 
this  requires  approximately  ten  times  as  much  work  as  if  the  ends 
were  lifted  only  enough  to  prevent  the  lifting  of  the  ends  from 
their  supports  under  traffic  and  their  consequent  hammering.  This 
arrangement,  therefore,  is  a  disadvantage  in  a  bridge  which  has  to 
be  opened  and  closed  frequently  and  quickly;  in  fact,  it  is  only  a 
waste  of  power,  but  may  be  recommended  in  cases  where  the  bridge 
is  used  almost  entirely  as  a  fixed  span,  and  where  the  time  re- 
quired for  the  opening  is  of  no  importance.  Lifting  the  bridge  from 
the  center  is  not  as  economical  as  lifting  at  the  ends,  on  account 
of  the  greater  power  required.  A  few  bridges  have  been  built  with 
a  lifting  apparatus  applied  at  the  top  chord  of  the  center  panel. 
This  arrangement  has  the  additional  disadvantage  of  using  a  part 
of  the  structure  which  carries  the  strain  while  the  bridge  is  swing- 
ing also  as  a  part  of  the  lifting  mechanism,  which  is  not  good  prac- 
tice. If  the  machinery  parts  get  out  of  order,  the  structiire  should 
not  be  affected  thereby.  The  writer's  experience  with  a  structure  of 
this  kind  prompts  him  to  advise  against  its  use. 

The  Shear-Pole  Draiv,  and  the  Jack-Knife  Draw. — These  also 
come  under  the  head  of  swing  bridges,  but  can  only  be  used  for 
very  small  spans.  They  are  not  to  be  recommended,  except  as  tem- 
porary makeshifts  on  new  roads,  or  in  places  where  there  is  little 
navigation. 

Bascule  Bridges. — If  the  conditions  are  not  favorable  for  a 
swing  span,  a  bascule  bridge  is  the  next  choice.  The  conditions 
which  preclude  the  use  of  a  swing  bridge  are : 

If  there  is  no  space  available  to  swing  the  bridg-e  horizon- 
tally about  its  vertical  axis; 

If  the  number  of  tracks  is  such  as  to  increase  the  width  of 
the  bridge  and  the  size  of  the  pivot  pier  to  such  an 
extent  as  to  make  it  undesirable  or  impracticable;  or, 
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If  there  is  a   probability   that  other  tracks  will  have  to  be 
added  in  the  future. 

The  turning  space  required  for  swing  bridges  is  a  disadvantage, 
and  increases  with  the  size  of  the  bridge.  The  bascule  bridge,  on 
the  other  hand,  has  the  advantage  that  it  can  be  used  in  places 
where  there  is  no  space  available  alongside  of  the  bridge.  The 
bascule  bridge  can  be  enlarged  or  widened  by  putting  up  addi- 
tional spans  alongside  of  it,  without  interfering  with  the  operations 
of  the  existing  span  or  with  navigation.  The  length  of  span,  how- 
ever, is  somewhat  limited,  as  the  question  of  wind  pressure  be- 
comes very  important  in  long  spans,  and  constitutes  one  of  its 
greatest  disadvantages. 

The  limiting  length  of  clear  span  is  probably  150  ft.  for  single- 
leaf,  and  300  ft.  for  double-leaf  bridges. 

The  design  which  should  be  selected  for  a  bascule  bridge  de- 
pends upon  many  conditions,  such  as  location,  distance  from  the 
floor  to  water  level,  under-clearance  required,  length  of  span,  fre- 
quency of  opening,  speed  required,  kind  of  power  available  for- 
operating,  etc.  In  determining  the  type  and  details  of  the  design, 
which  will  be  most  suitable  for  the  existing  conditions,  the  prin- 
ciples mentioned  before,  which  govern  all  kinds  of  movable  bridges, 
should  be  considered. 

Traversing  or  Retractile  Bridges. — There  are  some  objections 
to  the  traversing  bridge,  which  make  it  undesirable,  especially  for- 
railroad  traffic.  It  requires  more  power  to  move  it  than  almost 
any  other  kind  of  movable  bridge,  and  is  slow  of  motion.  It  has 
been  used  in  only  a  few  cases  for  railroad  bridges,  but  has  proved 
satisfactory  for  small  highway  bridges.  It  has  been  used  success- 
fully in  some  locations  where  no  other  type  would  answer,  as  it  fits 
certain  conditions  better  than  any  other  design. 

Vertical-Lift  Bridges. — The  vertical-lift  bridge  has  the  follow- 
ing advantages  over  the  bascule  bridge : 

It  can  be  made  of  any  length  feasible  for  a  simple  span,  while 
the  span  of  a  bascule  bridge  is  somewhat  limited.  The  bridge, 
when  closed  and  carrying  the  traffic,  forms  a  simple  fixed  span, 
fulfilling  all  the  requirements  of  a  permanent  structure.  Its  dis- 
advantages  are   heavy   first    cost   and   maintenance,   and   expensive- 
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operation.     The  vertical-lift  bridge  is  most  suitable  for  spans  which 
require  only  a  small  lift,  such  as  bridges  over  canals. 

Transporter  or  Ferry  Bridges. — Such  bridges  take  the  place  of 
ferries.  They  have  the  advantage  over  the  ferry-boat  that  their 
operations  are  not  obstructed  by  ice;  therefore  they  can  be  used  in 
cold  climates  all  the  year  round,  where  the  operation  of  ferries 
would  have  to  be  discontinued  during  the  winter  months.  Their 
capacity,  however,  is  very  limited,  and  they  are  not  suitable  for 
railroad  uses. 

Power  Required  to  Operate  Movable  Bridges. 

The  determination  of  the  power  required  to  operate  movable 
bridges  is  not  a  matter  of  elaborate  scientific  calculation,  but  of 
practical  experience  and  judgment.  One  should  be  guided  in  a 
general  way,  of  course,  by  the  experiments  which  have  been  made 
to  ascertain  the  frictional  resistance  in  different  kinds  of  movable 
bridges;  but,  as  the  conditions  do  not  remain  the  same,  the  fric- 
tional resistance  varying  in  different  bridges  even  of  the  same  type 
and  construction,  and  as  the  macliinery  sometimes  rusts  up,  a  wide 
margin  for  the  required  power  should  be  allowed.  It  is  always  an 
advantage  to  have  an  excess  of  power,  as  it  adds  only  a  very  small 
percentage  to  the  total  cost  of  the  structure,  does  not  increase  the 
operating  expenses,  and  increases  the  efficiency  and  reliability  of 
the  operating  machinery. 

The  resistances  to  be  overcome  in  turning  a  swing  bridge  are: 

1. — Resistance  due  to  friction; 

2. — Resistance  due  to  the  inertia  of  the  bridge; 

3. — Resistance  due  to  the  action  of  the  wind. 

1. — Resistance  Due  to  Friction. — For  rim-bearing  swing  bridges, 
the  late  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.,  found  the  total  fric- 
tional resistance  in  the  live  ring  to  vary  from  0.004  to  0.008  of  the 
load  on  the  rollers.  Messrs.  Boiler  and  Schumacher  found  this  co- 
efficient to  be  0.0035  for  the  Thames  River  Bridge;  and  Theodore 
Cooper,  M.  Am.  Soc.  C.  E.,  found  this  to  be  0.0038  for  the  Second 
Avemi-  Bridge.  For  center-bearing  bridges,  Mr.  C.  Shaler  Smith 
found  the  frictional  resistance  at  the  circumference  of  the  pivot  to 
be   0.09   of   the   weight   turned.      The   writer   found  the   coefficient 
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of  fractional  resistance  at  the  circumference  of  the  pivot,  on  hard- 
ened-steel and  phosphor-bronze  disks,  with  the  usual  working  pres- 
sure of  about  3  000  lb.  per  sq.  in.,  to  be  0.067  at  the  start,  and  0.045 
to  keep  the  bridge  moving  at  a  uniform  speed.  For  the  total  fric- 
tional  resistance,  including  that  of  the  shafts  and  gearing  required 
for  hand-operation,  the  highest  coefficients  observed  were  0.115  for 
starting  and  0.08  for  keeping  the  bridge  in  motion.  These  experi- 
ments were  made  on  new  bridges,  before  the  gearing,  etc.,  had  an 
opportunity  to  wear  smooth.  For  bridges  which  have  been  in 
operation  for  some  time,  these  coefficients  would  be  found  to  be 
considerably  smaller. 

2. — Resistance  Due  to  the  Inertia  of  the  Bridge.— The  power 
required  to  overcome  the  inertia  of  the  swinging  mass  and  develop 
the  desired  velocity  depends  upon  the  time  allowed  for  opening  or 
closing.  It  is  the  usual  practice  to  assume  that  the  acceleration  is 
developed  in  half  the  time  it  takes  to  open  the  bridge.  With  this 
assumption,  the  following  approximate  formulas  will  give  results 
near  enough  for  practical  purposes : 

W  13 


P  = 

H-P  = 


20.5  «2' 

P  >•  W  p- 


560        7  170  t^  ' 

P  =  Force  applied  to  the  center  of  gyration  necessary  to  pro- 
duce the  required  acceleration; 
H-P  =  Number  of  horse-powers ; 

W  =  Total  moving  weight,  in  pounds ; 
Z^ Length  of  bridge; 
h  =  Width  of  bridge ; 

I  1)2  ^  -[2 
p  =  Radius   of   gyration   =     I j^ — ,  approximately  0.29  Z ; 

^  ^  Time,  in  seconds,  in  which  maximum  velocity  must  be 
obtained,  or  one-half  the  number  of  seconds  required  to 
open  the  bridge; 

v  =  Maximum  linear  velocity   at  the  center  of  gyration,   in 

feet  per  second  =  —- . 
^  2  t 

S. — Resistance  Due  to  the  Action  of  the  Wind. — Some  engineers 
assume  an  unbalanced  wind  pressure  of  4  or  5  lb.  per  sq.  ft.  in  de- 


166  MOVABLE  BRIDGES.  [Papers. 

terniining  the  power  required  to  overcome  the  resistance  caused  by 
the  wind.  This  unbalanced  wind  pressure  is  considered  to  act 
entirely  on  one  arm  of  the  bridge  at  right  angles,  and  follow  the 
bridge  in  its  various  positions  while  swinging.  This  is  an  arbi- 
trary assumption  which  has  never  been  verified.  It  is  known,  how- 
ever, from  actual  observation,  that  with  a  strong  wind  it  may  re- 
quire nearly  twice  the  power  to  turn  the  bridge  than  without  wind. 
It  is  suggested,  therefore,  that  the  resistance  due  to  the  action  of 
the  wind  be  included  in  the  coefficient  of  friction. 

This,  of  course,  applies  only  to  swing  l)ridges  with  two  equal 
arms.  If  the  bridge  has  arms  of  unequal  length,  the  resistance  due 
to  wind  pressure  should  be  calculated  and  included  in  the  total 
resistance. 

For  rim-bearing  bridges,  the  writer's  practice  has  been  to 
assume  as  the  total  resistance  to  be  overcome  in  turning,  including 
frictional  resistance  of  the  gearing  and  wind  pressure,  about  twice 
the  value  given  by  Mr.  C.  Shaler  Smith  for  frictional  resistance, 
which  value  was  also  recommended  later  by  Messrs.  Boiler  and 
Schumacher,  viz.,  0.015  of  the  load  on  the  rollers  acting  in  the 
center  line  of  the  track ;  and,  for  center-bearing  bridges,  0.15  of  the 
load  on  the  pivot,  when  swinging,  acting  on  the  circumference  of 
the  pivot.  In  estimating  the  capacity  of  the  motor,  he  assumes  a 
linear  velocity,  in  the  center  line  of  the  track,  of  twice  that  re- 
quired for  turning  the  bridge  in  the  specified  time;  or,  as  ex- 
pressed by  formulas: 

P  =  0.015,  for  rim-bearing; 

P  =  0.15  W  „,  for  center-bearins;; 
Ji 

^'^-  550' 
B  n 

P  =  Force  required  to  turn  the  bridge,  acting  in  center  line  of 

track ; 
W  =  Total  moving  weight,  in  pounds ; 
H-P  =  Number  of  horse-powers ; 
r  =  Radius  of  pivot; 
P  =  Radius  of  center  line  of  track; 
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V  =  Maximum  linear  velocity  in  center  line  of  track,  in  feet 

per  second; 
t  =  Time,   in  seconds,   in   which  maximum   velocity  must   be 

obtained,  or  one-half  the  number  of  seconds  required  to 

open  the  bridge. 

The  foregoing  formulas  for  frictional  resistance  generally  give 
results  in  excess  of  the  power  actually  needed  under  ordinary  condi- 
tions, and  practically  cover  all  contingencies. 

It  is  supposed,  of  course,  that  the  bridges  are  of  rational  con- 
struction and  average  workmanship. 

If  the  bridge  is  to  be  operated  by  hand-power,  the  gearing  has 
to  be  arranged,  either  for  the  number  of  men  available,  or  for  the 
time  required  to  turn  and  operate  the  bridge.  Mr.  C.  Shaler  Smith 
recommended  the  assumption  of  the  power  of  one  man  on  a  cap- 
stan bar  with  40  lb.  at  a  speed  of  250  ft.  per  min.  The  writer 
found  that  this  velocity  is  somewhat  high,  and  does  not  fit  all  sizes 
of  men,  but  that  the  work  which  can  be  performed  conveniently 
by  any  ordinary  man  for  considerable  time  is  about  40  lb.  with  a 
speed  of  160  ft.  per  min.  In  calculating  the  strength  of  the  gear- 
ing, etc.,  the  power  of  one  man  should  be  taken  at  125  lb.,  as  this 
is  about  the  force  a  strong  man,  with  a  foothold,  can  exert  for  a 
short  time. 

For  bascule  and  lift  bridges  the  writer  has  not  been  able  to 
obtain  any  data  in  reference  to  frictional  resistance  and  power  re- 
quired for  operating,  but  experiments  may  have  been  made,  and  he 
hopes  that  their  results  will  be  brought  out  in  the  discussion  of  this 
paper. 

In  bascule  and  lift  bridges,  the  wind  pressure  is  an  important 
factor  in  increasing  the  frictional  resistance  of  the  machinery,  but 
the  pressure  may  be  taken  as  much  smaller  than  that  usually  speci- 
fied for  the  structural  parts  of  the  bridge,  as  navigation  would  be 
impossible  with  such  a  wind,  so  that  the  bridge  would  not  require 
to  be  opened.  The  writer  believes  that  20  lb.  per  sq.  ft.,  corre- 
sponding to  a  velocity  of  about  60  miles  per  hour,  is  sufficient  for  all 
cases. 

For  swing  bridges,  it  has  been  the  usual  practice  to  use  a  foot- 
brake  to  control  or  stop  the  motion  of  the  bridge.     This,  no  doubt, 
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is  a  good  precaution,  where  it  can  be  conveniently  arranged,  as  in 
cases  where  the  motor  is  located  in  the  operator's  house.  How- 
ever, when  the  bridge  is  operated  by  electricity,  the  motors  on  the 
shafts  of  the  operating  machinery  are  not  generally  within  reach 
of  the  operator,  and  the  introduction  of  a  foot-brake  involves  con- 
siderable complication.  For  this  reason,  the  writer  has  omitted 
brakes  in  all  swing  bridges  operated  by  electricity,  and  this  has 
proved  satisfactory  in  all  cases. 

Motors, 

In  the  past,  up  to  about  fifteen  years  ago,  steam  and  hydraulic 
power  were  the  only  motive  powers  used  for  operating  movable 
bridges.  In  later  years,  electric  and  internal  combustion  motors. 
have  in  many  cases  taken  the  place  of  the  steam  engine. 

Electric  motors  are  the  most  convenient,  where  electric  power 
can  be  obtained  satisfactorily,  more  particularly  if  the  company 
owning  the  bridge  also  controls  the  power,  such  as  is  the  case  with 
electric  railway  bridges,  or  steam  railroad  bridges  situated  near  one 
of  the  company's  power-houses,  or  city  bridges.  Electric  power  is- 
economical,  and  the  motors  occupy  little  space  and  can  be  put  in 
the  most  convenient  places,  so  as  to  reduce  the  transmission  by  long 
shafts. 

The  requirements  for  electric  motors  and  electrical  equipment 
given  in  the  subjoined  specifications  are  based  on  those  adopted  by 
the  Sanitary  District  of  Chicago  for  their  bridge  crossing  the 
Chicago  River  at  Dearborn  Street,  which  appeared  to  be  the  most 
complete  of  any  which  have  come  to  the  writer's  notice.  They  have 
been  modified  so  as  to  make  them  general,  and  applicable  to  any  kind 
of  movable  bridge. 

Where  electric  power  cannot  be  obtained,  a  steam  engine  or 
internal  combustion  engine  has  to  be  used,  excepting  in  special 
cases,  where  water-power  may  be  used  to  advantage.  For  large 
spans,  which  have  to  be  opened  frequently  and  quickly,  a  steam 
engine  is  preferable.  However,  it  has  its  disadvantages.  It  oc- 
cupies more  room  than  almost  any  other  motor,  as  it  requires 
storage  capacity  for  coal  and  water,  machinery  for  hoisting  coal 
and  pumping  water,  and  the  ashes  have  to  be  disposed  of.     The 
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fire  has  to  be  kept  up  in  the  boiler  when  the  bridge  is  not  in  opera- 
tion, and  the  operating  expenses  are  high. 

For  smaller  spans  and  intermittent  service,  the  gasoline  engine 
is  better  adapted.  It  is  more  economical,  and  requires  less  skill  to 
operate  than  the  steam  engine.  The  internal  combustion  engine 
has  been  brought  to  a  high  degree  of  development,  particularly  in 
the  smaller  sizes,  and  many  of  the  defects  of  the  earlier  engines 
are  now  almost  eliminated.  Gasoline  engines,  up  to  50  h.  p.,  have 
been  used  successfully  for  operating  movable  bridges. 

So  many  different  types  of  gasoline  and  other  internal  com- 
bustion motors  have  come  into  the  market  in  the  last  few  years, 
such  as  vertical  and  horizontal  engines,  engines  with  one,  two  and 
three  cylinders,  two-cycle  and  four-cycle  motors,  etc.,  that  engineers 
who  are  not  experts  in  internal  combustion  engines  are  generally 
puzzled  when  called  upon  to  select  the  most  suitable  engine  for  the 
work  to  be  performed  in  operating  a  movable  bridge.  The  writer 
hopes  that  this  subject  will  be  discussed  by  engineers  familiar  with 
the  latest  developments  in  these  engines. 

Hydraulic  power  can  be  used  to  advantage  in  exceptional  cases 
only,  where  the  bridge  is  operated  from  the  shore,  and  where  water 
with  suiReient  pressure  can  be  obtained  for  working  a  hydraiilic 
motor. 

Hydraulic  power,  however,  is  generally  used  with  hydraulic 
rams  in  connection  with  accumulators.  They  have  the  advantage 
that  a  great  amount  of  power  can  be  accumulated  with  a  small 
motor  during  the  time  the  bridge  is  not  being  operated.  Arrange- 
ments of  this  kind  have  been  used  successfully  on  a  number  of 
bridges. 

Unit  Strains. 

The  permissible  unit  strains  for  machinery  parts  in  tension, 
compression,  bending  and  torsion,  given  in  the  subjoined  specifica- 
tions, are  those  recommended  by  Professors  Von  Bach  and  Unwin, 
slightly  modified  to  conform  to  the  writer's  views.  The  safe  bear- 
ing values  given  for  rotating  and  sliding  surfaces  agree  with  those 
now  generally  considered  good  practice  in  machine  design,  and  have 
been  used  extensively  and  verified  by  the  writer. 

The  safe  bearing  pressures  on  rollers  are  based  on  experiments 
made  by  James  Christie,  M.  Am.  Soc.  C  E. 
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The  values  of  the  permissible  pressure  on  ball  bearings  of 
hardened  steel  are  those  recommended  by  R.  Stribeck  as  the  result 
of  his  experiments,  made  at  the  Prussian  Government  Laboratory,^ 
on  balls  and  races  manufactured  abroad.  These  values,  therefore, 
are  not  applicable  to  ball  bearings  manufactured  in  the  United 
States,  about  which  the  writer  was  not  able  to  obtain  any  informa- 
tion. 

Workmanship  and  Material. 

The  quality  of  workmanship  called  for  in  the  specifications  is 
the  same  as  the  writer  has  required  for  machinery  parts  of  movable 
bridges,  when  he  has  had  control  of  the  shops  where  the  work  was 
being  done. 

The  specifications  for  special  metals,  generally  not  covered  by 
specifications  for  the  structural  work  of  bridges,  are  practically 
those  adopted  by  the  American  Society  for  Testing  Materials.  For 
tool  steel,  phosphor-bronze  and  babbitt  metal,  for  which  that  society 
has  no  specifications,  the  writer  has  given  what  he  has  found  satis- 
factory in  his  own  practice. 


i 
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Bridges. 


SPECIFICATIONS  FOR  MOVABLE  BRIDGES. 

Movable  bridges,  of  the  kind  used  in  modern  practice  for  carry-      Types  of 
ing  railroad  traffic,  are  generally  of  the  following  types: 

1. — Swing  Bridges; 

2. — Bascule  Bridges; 

3. — Vertical  Lift  Bridges. 

The  type  of  bridge  best  adapted  for  a  particular  location  de- 
pends upon  local  conditions,  and  should  be  left  to  the  judgment  of 
the  engineer. 

The  specifications  for  loads,  unit  strains,  proportion  of  parts, 
material  and  workmanship  adopted  for  fixed  spans  will  also  apply 
to  the  structural  work  of  movable  bridges  under  the  various  condi- 
tions of  loading. 

The  minimum  wind  pressure  to  be  assumed  in  proportioning 
the  machinery  or  moving  parts  of  movable  bridges,  such  as  trailing 
wheels  on  center-bearing  swing  bridges,  operating  machinery  of 
swing  bridges  with  unequal  arms,  and  bascule  bridges,  etc.,  shall  be 
20  lb.  per  sq.  ft.  on  the  exposed  surfaces  of  all  trusses  and  the  fioor 
system  as  seen  in  elevation. 


Loads,  Unit 
8trair»s,  etc. 


Wind 
Pressure. 


Swing  Bridges. 

The  following  types  of  girders  and  trusses  are  recommended:  Types  of 

(Jirders. 
Plate  girders,  up  to  150  ft.  span; 

Riveted  trusses,  from  1.50  to  250  ft.  span; 

Pin-connected  trusses  may  be  used  for  spans  greater  than 

250  ft. 

Trusses  of  swing  bridges   which   are  continuous   over  three  or   Conditions  of 
four  supports  shall  be  calculated  for  the  following  conditions : 

1, — Bridge  open,  unloaded; 

2.— Bridge  closed,  no  reaction  at  end  from  dead  load ; 

3. — Bridge  closed,  ends  lifted  to  make  trusses  continuous. 

The  turn-table  may  be  center-bearing,  rim-bearing,  or  a  com-  Tura-Tabtes. 
bination  of  the  two.  If  a  combination  table  is  used,  the  supporting 
girders  shall  be  arranged  so  that  some  definite  portion  of  the  load 
will  be  carried  to  the  center.  The  center-bearing  type  of  turn-table 
should  preferably  be  used,  whenever  practicable,  and  is  recom- 
mended for  single-track  bridges  up  to  500  ft.,  and  for  double-track 
bridges  up  to  400  ft.  span. 

Center-bearing  turn-tables  should  be  designed  so  that  the  entire        Center- 
dead  load  of  the  bridge  is  carried  on  a  center  pivot  when  the  bridge 
is  swinging;  but,  when  the  bridge  is  closed,  the  trusses  should  rest 
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Rim-Bearing. 


R,ack  and 
Track. 


Pinions. 


Brackets 


End-Lifting 
Apparatus. 


at  the  center  on  wedges  or  other  substantial  supports.  These  sup- 
ports must  be  strong  enough  to  resist  the  reaction  resulting  from 
the  live  load  and  impact  of  the  train.  Trailing  wheels  running  on 
a  circular  track  should  be  provided  for  the  purpose  of  balancing 
the  bridge  and  carrying  the  wind  pressure  to  the  track  while  swing- 
ing. The  center  pivot,  as  well  as  the  trailing  wheels,  should  be  ad- 
justable as  to  height.  The  center  pivot  should  be  designed  so  that 
the  disks  or  rollers  can  be  taken  out,  examined,  or  replaced,  when 
the  bridge  is  not  in  operation,  without  interfering  with  the  railroad 
traffic. 

Rim-bearing  turn-tables,  which  carry  the  bridge  on  a  druna 
rotating  on  rollers  between  two  tracks,  shall  have  the  center  pivot 
connected  to  the  drum  by  rigid  struts.  The  object  of  this  pivot  is 
to  center  the  turn-table  and  hold  it  in  place  while  the  bridge  is 
swinging.  The  drum  shall  be  designed  so  that  the  load  is  dis- 
tributed properly  over  all  the  rollers.  The  rollers  shall  be  of  such 
size  and  number  as  to  carry  the  entire  dead  load  when  the  bridge 
is  swinging,  and  the  reaction  of  the  dead  and  live  load  and  impact 
when  closed.  The  lower  track  shall  be  strong  enough  to  distribute 
the  loads  on  the  rollers  over  the  masonry.  The  drum  shall  be  de- 
signed in  accordance  with  the  specifications  for  plate  girders.  It 
shall  be  provided  with  effective  stifieners  or  fillers  on  both  sides  of 
the  web  at  all  points  of  concentrated  loading;  these  stifFeners  shall 
have  a  close  bearing  against  the  upper  and  lower  flanges.  The 
bottom  of  the  lower  flange  should  be  planed.  The  lower  track  shall 
be  anchored  to  the  masonry  with  bolts,  not  less  than  li  in.  in 
diameter  and  15  in.  long,  set  in  Portland  cement  grouting. 

The  rack  and  track  segments  shall  be  made  in  short  sections, 
preferably  not  more  than  5  ft.  long.  If  a  cast  lower  track  is  used, 
in  case  the  track  is  light,  as  in  center-bearing  bridges,  the  rack  and 
track  shall  preferably  be  cast  in  one  piece.  The  maximum  pitch 
of  the  teeth  in  the  rack  shall  not  exceed  6  in.  For  small  bridges, 
steel  rails  may  be  used  for  the  track. 

If  the  pressure  requires  a  greater  pitch  than  6  in.,  two  or  more 
pinions  shall  be  used,  and  they  shall  be  arranged  so  that  the  pres- 
sure will  be  distributed  equally  over  all  pinions.  If  two  pinions 
are  used,  they  shall  be  placed  opposite  one  another. 

The  brackets  to  support  the  pinions  gearing  into  the  rack  must 
be  made  in  one  piece,  so  that  both  bearings  can  be  bored  true  in 
line  and  will  not  get  out  of  adjustment.  They  shall  be  provided 
with  caps  so  that  the  pinion  shaft  can  be  taken  out  without  re- 
moving the  bracket. 

All  swing  bridges  must  be  provided  with  an  effective  lifting 
and  locking  apparatus  at  the  ends.  The  lifting  apparatus  must  be 
strong  enough  to  exert  an  uplifting  force  equal  to  the  maximum 
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negative  end  reaction  of  the  live  load  plus  50%,  and  must  have  a 
bearing  capacity  for  the  positive  maximum  end  reaction,  including 
impact. 

Rail  lifts  shall  be  provided,  in  connection  with  the  end-lift- 
ing apparatus,  as  well  as  automatic  self-acting  latches.  The 
latches  must  be  arranged  so  that  they  will  lock  the  bridge  auto- 
matically when  in  the  proper  position  for  closing,  but  only  if  the 
speed  is  so  slow  that  the  shock  will  do  no  damage.  The  end  sup- 
ports should  be  arranged  so  that  they  can  easily  be  adjusted  to  the 
proper  amount  of  lift. 

Bridges  carrying  railroads  shall  have  at  each  shore  end  an  Signals, 
avitomatic  signal,  and  such  signals  shall  be  arranged  so  that  the 
bridge  cannot  be  opened  without  setting  each  signal  at  the  danger 
position,  and  so  that  the  signals  cannot  be  set  to  indicate  a  clear 
track  until  the  bridge  is  closed  and  the  rails  are  in  their  proper 
position. 

Bascule  and  Lift  Bridges. 

The  general  principles  governing  the  design  of  swing  bridges 
are  also  applicable  to  lift  bridges  of  any  kind,  as  well  as  to  other 
movable  bridges. 

Operating  Machinery. 
Details  of  Design. 

The  operating  machinery  of  movable  bridges  shall  be  designed  General. 
and  constructed  in  a  substantial  manner:  all  complicated  and 
flimsy  contrivances  shall  be  avoided.  All  parts  shall  be  designed 
so  that  they  may  be  easily  erected,  adjusted  and  taken  apart,  and 
must  be  accessible  for  inspection,  cleaning  and  repairs.  The  fasten- 
ings shall  be  designed  so  that  after  all  machinery  parts  are  properly 
set,  lined  up  and  adjusted,  they  will  be  permanently  fixed. 

Rolled  or  Forged  Steel. — Rolled  or  forged  steel  shall  be  used  for      Materials, 
bolts,    nuts,   keys,   cotters,   pins,    axles,   shafts,   screws,   worms   and 
piston  rods. 

Forged  or  Cast  Steel. — Forged  or  cast  steel  may  be  used  for 
levers,  cranks  and  connecting  rods. 

Cast  Steel. — Cast  steel  shall  be  used  for  pivot  stands,  couplings, 
wedge-bearings,  rollers,  trailing  wheels,  end  shoes,  and  for  racks, 
tracks  and  pinions,  and  toothed  wheels  of  bridges  operated  by  me- 
chanical power. 

Cast  Iron. — Cast  iron  may  be  used  for  journal  boxes,  pulleys, 
drums,  eccentrics,  and  toothed  wheels  for  bridges  operated  by  hand- 
power  only;  also  for  cylinders,  pistons,  fly-wheels,  brake-wheels,  and 
other  parts  of  motors  which  are  usually  made  of  cast  iron. 

Hardened  Steel. — Hardened  steel  shall  be  used  for  pivot  disks. 
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Castings. 


Bol  ts  and  Nuts 


Lock- Nuts. 


Screws 

Transmitting 

Motion. 

Tap  Bolts. 

Set- Screws. 


Collars. 


Keys. 


Journals. 


Bearings. 


friction-rollers,  ball-bearings,  and  in  other  similar  cases,  for  the 
purpose  of  reducing  the  bearing  surface,  abrasion  and  friction. 

Phosphor-Bronze,  Brass  and  Bahhitt  Metal. — These  or  other 
alloys  shall  be  used  for  the  bushing  or  lining  of  journal  bearings 
and  other  rotating  or  sliding  surfaces  to  prevent  seizing,  which  is 
likely  to  occur  when  steel  moves  on  steel. 

All  castings  which  are  to  be  attached  to  rough,  unfinished  sur- 
faces shall  be  provided  with  chipping  strips.  The  outer  unfinished 
edges  of  all  ribs,  bases,  etc.,  shall  be  rounded  ofi^,  and  inside  corners 
shall  have  fillets. 

All  bolts  and  nuts,  up  to  IJ  in.  in  diameter,  shall  have  U.  S. 
Standard  V-threads.  All  nuts  and  exposed  bolt  heads  shall  be  of 
hexagonal  shape,  and  each  nut  shall  be  provided  with  a  washer.  If 
the  nut  bears  on  an  inclined  surface,  the  washer  must  be  beveled. 
Bolt  heads  which  are  countersunk  in  a  casting  shall  be  square. 

Nuts  which  are  subject  to  vibration  and  frequent  changes  of 
load  shall  have  locking  arrangements  to  prevent  the  gradual  un- 
screwing of  the  same.  If  double  nuts  are  used  for  that  purpose; 
each  nut  shall  be  of  the  standard  thickness. 

All  screws  which  transmit  motion  must  have  square  threads. 

Tap-bolts  shall  be  avoided  as  much  as  possible. 

Set-screws  shall  not  be  used  for  fastening  wheels,  pulleys, 
pinions,  cranks,  or  any  other  parts  which  transmit  torsion  to  shafts 
or  axles.  They  shall  only  be  used  in  connection  with  keys,  and  for 
fastening  collars  to  shafts  in  cases  where  the  collar  is  not  siibject 
to  any  strain  in  the  direction  of  the  axis  of  the  shaft. 

Collars  shall  be  used  wherever  necessary  to  hold  the  shafting 
from  moving  horizontally.  Each  collar  shall  have  at  least  two  set- 
screws,  set  at  an  angle  of  120°  to  one  another. 

All  pieces  which  transmit  torsion  to  shafts  or  axles  shall  be  fas- 
tened with  gib-head  keys  having  a  taper  of  |  in.  to  1  ft.,  and  shall 
be  seated  in  grooves,  in  both  hub  and  shaft.  If  two  keys  are  used, 
they  shall  not  be  placed  opposite,  but  at  an  angle  of  120°  to  one 
another.  The  minimum  width  of  the  key  shall  be  one-fourth  of  the 
diameter  of  the  shaft  if  one  key  is  used,  and  one-sixth,  if  two  keys 
are  used,  and  the  minimum  thickness  shall  be  one-half  the  width. 

Journals  shall  be  proportioned  to  resist,  not  only  the  various 
strains  to  which  they  are  subjected,  without  exceeding  the  permis- 
sible fiber  and  bearing  strains,  but  also  to  prevent  a  tendency  to 
heat  and  seize. 

Steel  bearings  carrying  steel  shafts  or  journals  should  be  bab- 
bitted, or  have  a  lining  of  some  other  material,  preferably  bronze. 
Bearings  of  steel  on  steel  shall  not  be  used  on  any  rotating  or  slid- 
ing surface,  unless  provided  with  metaline  plugs,  or  unless  one  or 
preferably  each  of  the  surfaces  is  hardened.  The  bearings  of  shafts 
should  be  placed  as  near  to  the  points  of  loading  as  possible. 
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Pivots  for  the  centers  of  turn-tables  may  revolve  on  disks,  Pivots, 
friction-rollers,  or  balls.  Disk-bearings  shall  preferably  consist  of 
three  disks,  one  of  phosphor-bronze  between  two  disks  of  hardened 
steel,  so  that  the  steel  will  slide  on  the  bronze.  The  phosphor- 
bronze  shall  be  of  the  special  kind  specified  on  page  190.  Friction 
rollers  or  balls  shall  be  made  of  hardened  steel,  and  they  shall  run 
on  bearings  of  the  same  material.  Rollers  shall  be  separated  by  a 
spider  to  prevent  them  from  coming  in  contact  with  each  other. 

The  foot-steps  of  vertical  shafts  may  be  of   axle  or  tool  steel.     Footsteps. 
and  shall  run  on  bronze  disks. 

When  wheels  are  used  in  connection  with  axles,  such  as  trail-         Axles, 
ing  wheels  for  turn-tables,  the  wheel  must  be  fastened  to  the  axle 
and  allowed  to  turn  in  its  journal  bearings.     Wheels  shall  not  be 
allowed  to  rotate  loose  on  any  axle. 

Provision  must  be  made  for  the  proper  and  effective  lubrica-  Lubrication, 
tion  of  all  journals,  pivots,  or  any  other  moving  parts  with  sliding 
or  rotating  surfaces.  Closed  oil  or  compression  grease  cups  shall 
be  provided  for  all  journal  bearings;  where  not  otherwise  accessible, 
they  shall  be  connected  with  oil  pipes.  Oil  grooves  must  be  pro- 
vided wherever  necessary  for  the  proper  distribution  of  the  lubri- 
cant.    All  oil  holes  must  be  easy  of  access. 

Dust  covers  shall  be  provided  wherever  necessary  to  protect  the    Dust  Covers, 
sliding  and  rotating  surfaces  and  prevent  dust  from  mixing  with 
the  lubricant. 

Line  shafts,   on   account   of  the  flexibility  of  the  structure  to 
which  they  are  attached,  shall  not  be  continuous,  but  shall  be  con- 
nected with  flexible  couplings.     Each  length  of  shafting  should  rest 
preferably  in  two  regular  bearings  only,  with  the  couplings  on  the 
outside  and  close  to  the  bearings  in  opposite  directions.     In  case 
the  bearings  or  journal  boxes  are  attached  to  the  floor-beams,  it  may 
become  necessary,   in   bridges   with  long  panels,   to   provide   inter- 
mediate supports  in  order  to  reduce  the  deflection  of  the  shaft. 
These    intermediate    supports    shall    consist    of    loose-fitting    open 
bearings,  the  functions  of  which  shall  be  to  prevent  the  shaft  from 
sagging.     The  unsupported  length  of  shafting  shall  not  exceed: 
l=z80  \^  d"^  for  shafts  supporting  their  own  weight  only; 
Z  =T  oO  -j/  cZ-  for  shafts  carrying  pulleys,  gearing,  etc. ; 
where     I  =  length    of    shaft    between    bearings,     in    inches ;     and 
d  =  diameter  of  shaft,  in  inches. 

Line  shafts  connecting  the  machinery  at  the  center  to  that  at  the 
ends  should  run  at  fairly  high  speed.  The  requisite  speed  reduc- 
tion should  be  in  the  machinery  near  the  end. 

Couplings  to  connect  shafting  shall  be  claw  couplings,  and 
shall  be  placed  as  near  the  bearing  as  possible.  Each  half  of  a 
coupling  shall  be  fastened  rigidly  to  the  end  of  the  shaft,  but  the 
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coupling  must  not  be  bolted  together,  in  order  to  allow  slight  an- 
gular motion  without  twisting  and  binding  the  shaft  in  its  bearings. 
They  shall  be  strong  enough  to  develop  the  full  strength  of  the 
shafts  to  which  they  are  attached. 

Gear  wheels  should  be  designed  on  the  assumption  that  one 
tooth  transmits  the  whole  pressure.  In  uncut  gearing,  the  pressure 
should  be  assumed  as  coming  on  a  corner  of  the  tooth;  but,  in 
machine-cut  gearing,  it  should  be  assumed  as  distributed  over  the 
whole  width  of  the  tooth.  All  cast  pinions  shall  be  shrouded,  and  no 
pinion  shall  have  less  than  twelve  teeth.  All  toothed  gearing  in 
operating  machinery  shall  preferably  have  involute  teeth.  The 
minimum  width  of  the  teeth  should  be  one  and  one-half  times  the 
pitch;  for  uncut  teeth,  generally,  the  width  should  be  two  times  the 
pitch.  For  cut  gearing,  the  width  may  be  greater,  but  not  more 
than  three  times  the  pitch,  excepting  for  wheels  moving  at  a  very 
high  velocity,  and  those  in  motors,  where  the  wearing  and  abrasion 
have  to  be  considered.  In  estimating  the  strength  of  teeth  in 
bevel  wheels,  the  pitch  at  the  inner  circumference  shall  be  taken. 
Bevel  wheels  shall  preferably  be  avoided. 

Screw  gearing  should  be  arranged  to  have  proper  lubrication 
between  the  sliding  surfaces  of  worms  and  wheels.  To  accomplish 
this,  the  worm  should  be  placed  below  the  wheel  and  run  in  an  oil 
bath.  The  worm  shall  preferably  be  of  rolled  or  forged  steel;  the 
wheel  may  be  of  bronze  or  cast  iron.  Worm-wheels  shall  have  not 
less  than  twenty-eight  teeth. 

If  wire-rope  gearing  is  used  to  transmit  power,  the  diameter  of 
the  drum  or  pulley  should  be  made  as  large  as  possible,  and  not 
less  than  150  diameters  of  the  rope.  The  bottom  of  the  groove  of 
the  pulley  shall  be  lined  with  leather  or  hard  wood. 

In  hydraulic  rams,  externally-packed  plungers  shall  be  used. 
Pistons  packed  against  the  bore  of  cylinders  shall  be  avoided 
wherever  possible.  Packing  shall  be  made  in  the  ordinary  stuffing- 
box,  with  any  approved  fibrous  packing.  The  depth  of  the  packing 
shall  be  at  least  six  times  its  thickness.  The  gland  shall  always 
be  screwed  down  tight  without  compressing  the  packing,  which 
shall  be  set  out  by  initial  pressure  alone.  When  economy  of  space 
requires  it,  leather  rings  of  rectangular  section  may  be  used  for 
packing.  These  shall  be  soaked  in  melted  paraffine  and  bored  to 
fit  the  plunger,  or  turned  externally  to  fit  the  cylinder,  but  shall  be 
free  in  all  other  directions.  Pipes  for  conveying  fluid  shall  be  dis- 
posed so  as  to  have  drainage  outlets  whereby  the  whole  system  can 
be  readily  drained. 

Workmanship. 

All  workmanship  and  finish  shall  be  equal  to  that  of  the  best 
practice  in  modern  machine-shops.     As  the  parts  of  the  operating 
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machinery  of  movable  bridges  are  generally  exposed  to  the  weather, 
the  finish  shall  be  confined  to  the  bearing,  rotating,  and  sliding 
surfaces,  and  wherever  it  is  required  to  produce  accurate  fits  and 
precise  dimensions. 

All  castings  shall  be  properly  cleaned,  and  all  fins,  seams,  and 
other  irregularities  removed,  so  that  they  will  have  clean,  smooth 
surfaces. 

Drainage  holes,  not  less  than  |  in.  in  diameter,  shall  be  drilled 
in  all  places  where  water  is  likely  to  collect. 

Unfinished  bolts  may  have  a  play  of  J^  to  i  in.  in  the  bolt 
holes.  All  turned  bolts  must  have  the  diameter  of  the  shank  at 
least  XF  ill.  larger  than  the  diameter  of  the  threaded  portion,  and 
must  have  a  driving  fit  in  the  bolt  hole. 

All  track  segments  shall  be  planed  on  both  sides  and  at  the 
joints.  The  surfaces  on  which  the  rollers  bear  shall  be  planed  to 
the  true  bevel,  and  have  the  center  line  plainly  scribed  thereon. 

Toothed  segments  forming  the  rack  shall  be  accurately  fitted; 
particular  care  shall  be  taken  to  have  the  pitch  of  the  teeth  ac- 
curate at  the  joints.  The  periphery  and  the  upper  face  of  the 
teeth  shall  be  planed,  and  the  pitch  line  scribed  thereon.  If  the 
rack  is  separate  from  the  track,  the  rack  segments  shall  be  fitted  to 
those  of  the  track,  so  as  to  have  the  center  line  of  the  track  exactly 
concentric  with  the  pitch  line  of  the  rack. 

All  rollers  shall  be  turned  at  the  circumference  and  at  the  faces 
of  the  rim,  with  the  corners  chamfered  and  the  center  line  of  the 
roller  scribed  on  the  circumference.  The  hubs  shall  be  accurately 
bored  and  faced  at  each  end. 

Pivot  stands  and  center  castings  of  swing  bridges  shall  be 
properly  finished  and  fitted.  Particular  care  must  be  taken  to  have 
the  base  faced  truly  at  right  angles  to  the  axis,  and  turned  on  the 
circumference  concentric  with  the  axis. 

Steel  disks,  friction  rollers  or  balls  used  in  pivots,  as  well  as 
their  bearings,  must  be  of  tool  steel,  accurately  turned  and  finished 
to  gauge,  and  oil-tempered.  After  hardening,  they  shall  be  accu- 
rately ground  to  their  final  finish.  Steel  and  phosphor-bronze  disks 
shall  have  their  sliding  surfaces  finished  to  a  high  polish. 

All  journals  shall  be  turned  with  a  fillet  at  each  end,  and  shall 
have  a  good  workmanlike  fit  in  their  bearings. 

All  hubs  of  wheels,  pulleys,  couplings,  etc.,  shall  be  bored  to  fit 
close  on  the  shaft  or  axle.  If  the  hub  performs  the  function  of  a 
collar,  the  end  next  to  the  bearing  must  be  faced.  Holes  in  hubs 
of  toothed  gear  wheels  must  be  bored  concentric  with  the  pitch 
circle. 

The  circumference  of  all  gear  wheels  must  be  turned.  All 
wheels  moving  with  a  velocity  of  more  than  3  ft.  per  sec.  in  the 
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pitch  line,  as  well  as  all  bevel  wheels,  and  those  in  the  gearing  of 
any  motor,  shall  have  machine-cut  teeth. 

Threads  on  worms  must  be  cut,  and  the  teeth  of  worm  wheels 
must  fit  the  worm  accurately. 

All  machinery  which  is  of  the  regular  standard  manufactured 
type,  such  as  steam,  gasoline,  electric  or  hydraulic  motors,  pumps, 
air  compressors,  etc.,  must  be  guaranteed  by  the  manufacturer  as 
to  efficiency,  and  shall  be  subject  to  the  approval  of  the  engineer. 
All  motors  shall  be  tested  to  prove  that  they  fulfill  the  specified  re- 
quirements and  develop  the  d^esired  speed  and  power.  The  rating 
of  a  motor  shall  be  the  horse-power  determined  by  the  brake  test. 

The  contractor  shall  indemnify  and  save  harmless  the  pur- 
chaser against  all  loss  or  damage,  claims  and  demands,  costs  and 
charges,  that  may  arise  or  accrue  by  reason  of  the  adoption  or  use 
by  the  contractor  of  any  patented  article,  device  or  improvement 
furnished  by  him. 

Unit  Strains. 

Permissible  The  unit  strains  used  in   designing  machinery  parts  shall  not 

Strains.  .  ...  =         o 

exceed  those  given  m  Table  1. 
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TABLE  1. — Permissible  Unit  Strains,  in  Pounds  per  Square 

Inch. 


Kind  of  strain,  and 
loading. 

Structural 
steel. 

Axle          Steel 
steel,     castings. 

Cast 
iron. 

3  000 

3  000 

1  000 
12  000 

8  000 
6  000 

4  000 
3  000 
3  000 

2  000 

1  000 

3  000 

2  000 
1  000 

Rolled 
copper. 

Brass. 

((A) 
1 
Tension -^  (fi) 

1(C) 

\<A) 
ComDressiau -\ 

16  000 
10  600 
5  30^ 
16  000 
10  000 
16  000 

10  con 

5  300 
12  000 

8  000 
4  000 
10  000 

6  600 
3  300 

18  000         13  000 
12  000           8  000 
6  000           4  000 
18  000         16  000 
12  000         10  000 
18  000         15  000 
12  000         10  000 
6  000           5  000 
14  400           9  000 
9  600           6  000 
4  800           3  000 
12  000           7  500 
8  000     !      5  000 
4  000          2  500 

6  000 
4  000 
2  000 
6  000 
4  000 

3  000 

2  000 
1  000 

3  000 

^                                \(B) 

((A) 

] 

Bending -j  (B) 

AC) 

((A) 
1 
Shear -!  (B) 

1  (C) 

1(A) 
1 

2  000 

3  600 
2  400 
1  200 

1(C) 

A .  For  a  static  load; 

B.  For  a  varying  load  producing  strains  of  tension  or  conapression  only: 

C.  For  a  varying  load  producing  equal  maximum  strains  in  opposite  directionsi 
accompanied  by  shocks  and  vibrations. 
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In  selecting  the  working  unit  strains  from  Table  1  for  design- 
ing parts  of  the  operating  machinery  of  a  movable  bridge,  it 
should  be  borne  in  mind  that  these  parts  are  generally  strained  in 
both  directions,  that  the  motions  are  irregular,  are  frequently  ac- 
companied by  shocks  and  vibrations,  and  that  tlie  loads  are  applied 
more  or  less  suddenly. 

For  most  machinery  parts,  such  as  shafts,  axles,  gearing,  levers, 
cranks,  etc.,  the  figures  given  for  G  should  be  used  if  the  bridge  is 
operated  by  mechanical  power.  If  hand-power  only  is  used,  the 
values  for  C,  or  intermediate  ones,  may  be  used,  according  to  the 
judgment  of  the  designer. 

The  permissible  unit  strains  for  bending  (given  opposite  B) — 
10  000  for  cast  steel  and  4  000  for  cast  iron — shall  be  used  for  de- 
termining the  strength  of  toothed  gearing.  The  teeth  in  cut  gear- 
ing shall  conform  to  the  following  proportions : 

P  =  s  p  f  y; 
uhere  P  =  Pressure  on  tooth,  in  pounds; 
5  =  Permissible  unit  strain; 
p  =  Pitch,  in  inches ; 
f  =  Face  of  tooth,  in  inches ; 
7/  =  A  factor  established  by  experience. 

For  wheels  moving  at  slow  speed  (up  to  about  100  ft.  per  min.), 

where  strength  only  is  to  be  considered,  y  =  0.05. 

The  strength  of  unciit  teeth  shall  be   computed  for  a  face  of 

.3  s  p2  y 


one  and  one-half  times  the  pitch,  or  P 


which  conforms 


approximately  with  the  assumption  that  the  pressure  is  carried  on 
one  corner  of  the  tooth. 

For  higher  velocities,  which  tend  to  increase  the  shock  and  wear, 
this  value  shall  not  exceed: 

,  =  0.0.  21  =f^., 

y  V        V  V 
where  v  =  velocity  in  pitch  circle,  in  feet  per  minute. 

For  bronze  wheels,  the  same  values  shall  be  used  as  for  cast  iron. 

For  the  permissible  unit  pressures  for  fixed  bearings  of  different 
metals,  those  in  Table  1,  for  compression,  shall  be  used. 


Fixed 
Bearings. 


Pressure,  in  Pounds  per  Linear  Inch,  on  Rollers  at  Rest. 


Cast    iron , 

Rolled    and    cast    steel. 


400c^ 
800d 


Where  d  =  diameter  of  roller,  in  inches. 


Moving 
Bearings. 


Roller 
Bearings. 
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Permissible  Unit  Strains  for  Bearing  on  Rotating  and  Sliding 

Surfaces. 

Maximum  Bearing  Values  for  Rotating  and  Sliding  Surfaces,  in 
Pounds  per   Square  Inch. 

Bearings  on   Which   the  Speed  is  Slow  and  Intermittent. 

Pivots  for  swing  bridges,  hardened  tool  steel  on  special  phos- 
phor-bronze        3  500 

Trunnion   bearings   for  bascule  bridges,   axle   steel   on  phos- 
phor-bronze       2  000 

Wedges,   cast    iron   on   bronze 600 

Wedges,  cast  iron  on  cast  iron  or  structural  steel 500 

Screws  which  transmit  motion  on  projected  area  of  thread.  .      200 

For  Ordinary  Cases,  Parts  Moving  at  Moderate  Speeds. 

Hardened  steel  on  hardened  steel 2  000 

Hardened   steel   on    bronze 1 500 

Tool  steel    (not  hardened)    on  bronze 900 

Structural  steel  on  bronze 600 

Cast  iron  on  structural  steel 400 

Cast  iron  on  cast  iron 400 

On  cross-head  slides,  speed  not  exceeding  600  ft.  per  min ....        50 

In  order  to  prevent  heating  and  seizing  at  higher  speeds,  the 

pressure    on   pivots    or   foot-step    bearings    for   vertical   shafts   and 

journals  shall  not  exceed : 

IGU  OUU 
On  pivots «  =  ^ — 

n  a 

^,     .           ,                                                            300  000' 
On  Tournals P  =^  ? — 

n  a 

Where  n  =  number  of  revolutions  per  minute ; 

and  d  =  diameter  of  journal  or  pivot,  in  inches. 

For  crank  pins  and  similar  joints  with  alternating  motion,  the 
limiting  bearing  values  given  in  the  above  formula  may  be  doubled. 

Permissible    Pressure,    in   Pounds   per   Linear   Inch    of   Roller   in 

Motion. 

For    cast    iron P  =    200d 

For   steel    castings P  =    4:00d 

For   axle  steel p  =    500d 

For   tool   steel p=    800d 

For  hardened   tool   steel p  =  l  OOOd 


I 
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\Ylu'r('  /)  =  pressure  per  linear  inch  of  roller; 
and  (/  =  diameter  of  roller,  in  inches. 

Tlie  foregoing-  values  are  for  rollers  and  bearing  surfaces  of  the 
s-mie  niatcrial;  if  rollers  and  bearing  surfaces  are  of  different  ma- 
terials, tlif  lower  value  shall  be  used. 

PcDiiissiliJc  Pressure  on  Balls  of  Hardened  Tool  Steel  Eunnin<j  on   Ball  Bearings. 
Surfaces  of  the  Same  Material. 

For  balls  running  on  flat  surfaces P  =     QOOd- 

For  balls  running'  in  grooves  which  have  a  radius  of  '^d.P^1200d- 

Where  P  =^  permissible  load,  in  pounds  per  ball ; 
and  f/ ^  diameter  of  ball,  in  inches. 
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The  kind  of  motor  best  adapted  to  any  particular  case  depends       General, 
upon  local  conditons,   and  should  be  left  to   the  judgment  of  the 
engineer. 

If  the  bridge  is  operated  by  hand-power,  the  number  of  men  and  Hand-Power, 
the  time  required  to  operate  it  shall  be  estimated  on  the  assumption 
that  the  force  one  man  can  exert  on  a  lever  is  40  lb.  with  a  speed 
of  160  ft.  per  min.,  developing  about  i  h.p.  For  calculating  the 
strength  of  the  machinery  parts,  the  power  of  one  man  shall  be  as- 
sumed as  125  lb.,  but  150  lb.  shall  be  the  minimum  used  and  ap- 
plied to  the  extreme  end  of  the  hand-lever  on  any  bridge. 

If  the  bridge  is  operated  by  mechanical  power,  the  motor  shall 
be  of  ample  capacity  to  move  or  turn  the  bridge  at  the  required 
speed.  All  machinery  parts  shall  be  designed  with  sufficient 
strength  to  resist  the  greatest  pressure  which  can  be  exerted  by  the 
motor,  Tising  the  specified  permissible  strains.  No  matter  what 
mechanical  power  is  used,  all  bridges  shall  also  be  provided  with 
hand-power  operating  machinery. 

Friction  brakes,  to  be  operated  by  hand  or  foot,  shall  be  pro-  Hand-Brakes, 
vided  for  all  bascide  and  lift  bridges,  and  for  all  swing  bridges 
where  the  motor  is  located  in  the  operator's  house.  They  shall  be 
attached  to  the  secondary  shaft  of  the  motors  which  connect  to  the 
moving  gear,  and  shall  have  sufficient  capacity  to  stop  or  hold  the 
moving  span  in  any  position  tinder  all  conditions. 

In  cities,  all  movable  bridges,  carrying  highway  traffic,  which  Safety  Gates, 
leave  an  opening  iri  the  floor  when  the  bridge  is  open  for  navigation 
(as  in  swing  bridges),  shall  be  provided  with  safety  gates.  These 
gates  shall  be  arranged  so  that  the  bridge  cannot  be  opened  before 
the  gates  are  closed,  and  so  that  the  gates  cannot  be  opened  before 
the  bridge  is  closed  and  locked. 
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Wherever  mechanical  power  .of  any  kind  is  to  be  used  for 
operating  a  movable  bridge,  a  suitable  house  shall  be  provided  for 
the  operator.  The  house  shall  be  of  such  dimensions  as  required 
for  the  purpose  for  which  it  is  to  be  used.  It  shall  be  placed  in  a 
position  where  the  operator  can  observe  the  signals  and  see  the 
approaching  vessels  and  trains,  and  with  enough  windows  of  suffi- 
cient size  so  that  his  view  will  not  be  obstructed.  If  the  operator's 
house  is  above  or  below  the  floor  of  the  bridge,  suitable  steel  or  iron 
stairs  with  railings  shall  be  provided  to  lead  from  the  floor  of  the 
bridge  to  the  floor  of  the  operating  house.  The  house  shall  be  of 
fire-proof  construction,  consisting  of  a  steel  frame,  steel  floor-joists 
and  a  fire-proof  floor.  If  the  house  contains  motors  and  ma- 
chinery, the  floor  shall  preferably  consist  of  steel  plates,  but,  if  the 
motors  are  located  elsewhere,  the  floor  between  the  joists  may  be  of 
concrete  construction.  The  sides  and  roof  shall  be  of  metal,  con- 
crete, or  any  other  non-combustible  material. 

Whenever  the  climatic  conditions  require  it,  provision  shall  be 
made  for  heating  the  operator's  house.  If  steam  power  is  used, 
the  house  shall  be  heated  by  a  steam  coil  or  radiator  fed  from  the 
boiler.  If  electric  power  is  used,  the  heat  may  be  supplied  by 
electricity.  If  gasoline  is  used,  or  any  other  power  which  cannot  be 
utilized  for  heating,  a  coal,  wood,  petroleum,  or  gas  stove,  as  di- 
rected by  the  engineer,  shall  be  provided. 

If  a  steam  engine  is  used,  it  shall  consist  of  a  double-cylinder, 
reversing  engine,  the  piston  speed  of  which  shall  not  exceed  200  ft. 
per  min.;  it  shall  develop  the  desired  power  and  speed  with  a  steam 
pressure  of  50  lb.  per  sq.  in.  The  engine  shall  be  connected  to  the 
operating  machinery  by  an  approved  friction  clutch,  arranged  so 
that  the  moving  and  locking  machinery  can  be  operated  alternately 
or  stopped  without  stopping  the  engine. 

The  steam  shall  be  generated  by  one  or  two  upright,  tubular 
boilers,  each  of  which  shall  have  twice  the  capacity  of  the  engine. 
The  boilers  shall  be  designed  for  a  steam  pressure  of  150  lb.  per 
sq.  in.,  and  adapted  to  the  kind  of  fuel  specified  by  the  engineer; 
they  shall  be  of  open-hearth  steel  in  accordance  with  the  specifica- 
tions for  boiler  plates  appended  hereto.  They  shall  be  cased  in 
asbestos,  covered  with  Russian  iron. 

The  engine-room  shall  be  provided  with  a  steel  water  tank  of 
sufficient  capacity,  a  duplex,  steam  feed-pump,  and  an  injector  for 
each  boiler,  with  necessary  pipes  and  connections  for  feeding 
boilers  separately  or  together,  steam  water-lifters  with  necessary 
strainers,  flexible  hose,  and  piping  to  lift  the  water  from  the  river 
into  the  tank,  a  coal  hoist  and  a  steel  coal-bin  of  sufficient  capacity. 
The  engine-room  shall  be  provided  with  a  suitable  indicator  for 
recording  the  positions  of  the  moving  span  in  turning  and  lock- 


I'iipers.] 


MOVABLE   BRIDGES. 


183 


Gasoline 
Motors. 


Electric 
Motors. 


ing'.  A  work  bench  with  a  full  set  of  machinist's  tools  shall  be 
provided,  such  as  a  vise,  wrenches,  chisels,  hammers,  files,  oilers, 
oil-cans,  and  oil-tank.  A  whistle  of  suitable  size  shall  be  provided. 
All  piping,  where  necessary,  shall  be  covered  with  the  best  sectional 
covering. 

If  a  gasoline  motor  or  other  internal-combustion  motor  is  used, 
a  low-speed  engine  of  the  most  substantial  kind  shall  be  selected, 
the  maximum  piston  speed  of  which  shall  not  exceed  400  ft.  per  min. 
The  engine  shall  have  a  reversing  gear  provided  with  approved 
friction  clutches,  to  be  operated  by  a  hand-wheel.  The  counter- 
shaft connecting  the  engine  with  the  operating  machinery  shall  be 
provided  with  disengaging  couplings,  arranged  so  that  the  moving 
and  locking  machinery  can  be  operated  alternately  and  in  either 
direction  without  stopping  the  engine.  Motors  of  10  h.p.  and  more 
shall  be  started  by  compressed  air.  The  engine-room  shall  be  pro- 
vided with  a  water  tank  of  sufficient  capacity.  The  gasoline  tank 
shall  be  located  outside  of  the  engine-house.  The  engine-room  shall 
be  provided  with  indicators  for  recording  the  positions  of  the  moving 
span,  and  lifting,  and  locking  apparatus.  A  work  bench  with  a 
full  set  of  machinist's  tools,  etc.,  shall  be  provided,  the  same  as 
specified  for  steam  motors. 

If  electricity  is  used  as  the  motive  power,  the  motors  shall  be 
of  the  railway  type,  series  wound,  single  reduction,  multipolar, 
water-proof,  with  steel  frame  and  iron-clad  armature  of  the  re- 
quired capacity.  The  capacity  of  each  motor  shall  be  estimated  at 
normal  speed  and  whatever  voltage  available  according  to  the 
rating  of  the  American  Institute  of  Electrical  Engineers,  and  be 
capable  of  carrying  an  overload  of  33^%  for  30  min.  or  50%  for  5 
min.  without  injurious  heating.  The  armature  speed  shall  not  be 
more  than  600  rev.  per  min.  With  each  motor  shall  be  fvtrnished 
a  cut  pinion  and  gear  with  a  reduction  such  that  the  countershaft 
will  make  aproximately  the  required  number  of  revolutions  per 
minute  (generally  100  to  125)  under  full-load  rating.  These  pinions 
and  gears  shall  be  protected  by  a  removable  gear  case.  Motors 
connecting  to  vertical  shafts  should  preferably  have  a  vertical  axis 
in  order  to  avoid  gearing. 

All  motors  shall  be  of  standard  types  in  common  use  in  order 
that  extra  parts  may  be  readily  procured,  and  shall  be  subject  to  the 
approval  of  the  engineer. 

The    contractor    shall    furnish    for    each    operating    motor    one    Extra  Parts, 
extra  armature,  one  extra  field  coil,  one  extra  pinion,  and  one  extra 
split  gear.     All  such  extra  parts  shall  be  fitted  ready  to  place  on  the 
motors. 

Controllers  shall  be  placed  in  the  operating  house.  Each  motor 
or  set  of  motors  shall  have  one  controller,  that  is,  if  two  motors  work 
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together,  they  shall  be  connected  to  one  controller.  They  shall  be 
of  the  reversible,  series  parallel  type,  fitted  with  interlocking,  re- 
versing cylinders,  magnetic  blow-out,  etc.,  and  shall  be  capable  of 
varying  and  maintaining  the  speed  of  the  motors  from  slow  speed 
at  the  starting  point  to  a  maximum  speed  when  full  on,  without 
sparking  and  without  shock  or  jar.  They  shall  be  of  ample  carry- 
ing capacity  to  transmit  for  30  min.  33;^%  more  than  the  normal 
power  required  by  the  motors  at  full  load,  or  transmit  for  5  min. 
50%  more  than  the  normal  amount  required  by  the  motors,  without 
injurious  heating. 
Resistance.  Suitable  resistances  shall  be  furnished,  so  that  the  motors  will 

start  from  a  stand-still  and  attain  f\dl  speed  without  causing  spark- 
ing at  the  commutators  of  the  motors,  or  without  shock  or  jar  to 
the  bridge. 

Cables.  Unless  the  current  supply  is  taken  from  more  than  one  source, 

it  shall  be  conducted  to  the  switch-board  in  two  independent  con- 
ductors :  one  for  the  supply  and  one  for  the  return  current.  These 
conductors,  if  the  power  has  to  cross  a  channel,  shall  consist  of 
steel-armored  submarine  cables.  Each  cable  shall  be  of  suificient 
capacity  to  carry  safely  the  necessary  current  to  operate  the  bridge 
with  full  overload  on  the  motors  as  herein  specified.  Each  cable 
shall  be  composed  of  nineteen  strands  of  tinned  copper  wire  of  not 
less  than  98%  conductivity,  insulating  walls  of  rubber  not  less  than 
-i^  in.  thick  containing  not  less  than  30%  of  pure  Para  rubber,  one 
winding  of  tape,  a  lead  sheath  J*^  in.  thick  containing  3%  of  tin 
alloy,  a  substantial  jute  and  asphalt  serving,  and  an  armor  of 
galvanized-steel  wire  of  suitable  size  for  the  diameter  of  the  cable. 
The  cables  shall  show,  at  60°  fahr.,  an  insulating  resistance  of  500' 
megohms  per  mile  after  5  min.  electrification. 

In  the  case  of  swing  bridges,  the  cables  shall  bo  brought  up,  on 
or  through  the  center  pivot,  with  collector  rings  for  the  purpose  of 
conducting  the  current  to  the  controlling  ajiparatus  while  the  bridge 
is  swinging.  The  collector  rings  shall  be  protected  by  a  removable 
metallic  casing. 

Wiring.  All  wiring  between  the  switch-boards,  motors,   and  lights  shall 

be  of  the  best  grade  of  rubber-covered,  double-braided  copper  wire, 
and  put  up  securely  on  porcelain  insidators.  No  wires  smaller  than 
No.  14,  B.  &  S.  gauge,  shall  be  used.  All  wires  shall  be  drawn  into 
place  free  from  mechanical  injuries,  in  loricated  iron  conduits 
located  and  arranged  so  as  to  be  easily  accessible  for  examination 
and  repairs.  All  wiring  shall  be  of  sufficient  capacity  to  carry 
safely  the  current  required,  with  the  over-load  specified,  without  in- 
jurious heating. 
Grounds.  All    ground    connections    to    the    structure    shall    be    made    with 

proper  soldered   terminals  secured  to   copper  plates   of  ample  area 
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fastened  ill  contact  with  the  structural  work,  or  in  other  manner 
yatisi'actory  to  the  engineer.  Care  must  be  taken  to  locate  the 
connections  so  that  there  will  be  ample  metal  and  proper  circuits 
to  return  the  currents  without  damage  to  the  structure. 

An  automatic  circuit  breaker,  equal  to  the  I.  T.  E.  standard 
switch-board  type,  shall  be  placed  on  the  motor  circuit  on  each 
switch-board.  Each  cable,  each  line  of  motors,  and  each  line  of 
lig'hting,  signal,  indicator  or  other  circuit  shall  be  protected  by 
suitable  fuses  of  a  pattern  approved  by  the  engineer. 

One  000-volt  meter  with  5- volt  graduation,  and  one  300-ampere 
shunt  ammeter  with  2-ampere  graduation,  both  equal  in  quality  to 
tlie  Western  type  "F,"  shall  be  placed  on  each  switch-board. 

A  suitable  switch,  of  quick-break,  railway  type,  shall  be  provided 
for  each  motor  circuit  and  for  each  §upply  wire.  All  switches  shall 
have  ample  carrying  capacity  for  their  respective  loads  with  the 
specified  over-load,  but  no  switch  shall  have  a  capacity  of  less  than 
50  amperes. 

There  shall  be  placed  in  each  operator's  house  a  marble  switch-  Switch-Boards, 
board  large  enough  to  allow  all  necessary  meters,  switches,  cir- 
cuit breakers,  fuses,  etc.,  to  be  located  thereon  without  crowd- 
ing, so  that  each  device  can  be  reached  and  operated  quickly 
and  safely  by  the  bridge  tender.  All  switches,  fuses,  signal  cir- 
cuit, and  submarine  cable  terminals  shall  be  suitably  named  and 
labeled  with  neat  metal  plates,  in  accordance  with  their  purpose 
and  use.  Switch-boards  shall  be  located  behind  the  controllers  and 
convenient  thereto,  and  placed  at  an  angle  of  45°  with  the  side  of 
the  house.  They  shall  be  mounted  on  substantial  iron  supports 
mid  be  thoroughly  braced  to  the  wall. 

An  electrical  indicator  of  approved  design  shall  be  placed  in 
front  of  the  controller,  recording  the  movements  of  the  bridge  and 
the  lifting  and  locking  apparatus. 

The  contacts  or  electrical  devices  for  making  or  breaking  the 
electric  circuits  to  operate  the  electric  indicators,  or  similar  con- 
nections, shall  be  substantial  in  construction,  reliable  in  action, 
completely  protected  from  the  weather,  and  shall  be  submitted  to 
the  engineer  for  approval. 

In  each  operator's  house  shall  be  placed  ten  16-c.p.  lights,  and 
additional  lights  about  the  machinery  and  such  other  points  as  the 
engineer  may  direct.  Lights  placed  outside  shall  have  water-proof' 
sockets.  Each  set  of  lights  shall  be  controlled  by  a  switch  on  the 
switch-board  in  the  operator's  house. 

In  each  operator's  house  shall  be  placed  a  telephone,  complete, 
with  receiver,  transmitter,  battery,  and  magneto  bell,  and  also  a 
push-button  and  signal  bell  connected  by  the  cable. 

Suitable  semaphores  and  signal  lights  shall  be  provided,  as  di- 
rected by  the  engineer. 
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All  the  electrical  equipment,  apparatus,  etc.,  shall  be  of  the  most 
substantial  character  and  of  good  finish,  and  all  material  and 
workmanship  shall  be  subject  to  the  approval  of  the  engineer.  The 
contractor,  before  beginning  work,  shall  submit  for  approval  com- 
plete plans  with  details  and  specifications  showing  the  wiring  and 
the  parts  he  proposes  to  install.  The  working  of  the  machinery 
and  its  efficiency  to  operate  the  bridge  shall  be  tested  to  prove  that 
it  fulfills  the  specified  requirements. 
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Specifications  fob   Special  Metals  Used  for  Machinery  Parts. 

Steel  Castings. 

1. — Steel  for  castings  may  be  made  by  the  open-hearth  or  crucible 
process.     All  castings  shall  be  annealed  unless  otherwise  specified. 

2. — Phosphorus 0.05%  maximum. 

Sulphur    0.05%  maximum. 

3. — Minimum  physical  qualities  as  determined  on  a  standard  test 
specimen  of  i  in.  diameter  and  2  in.  gauged  length: 

Tensile  strength,  in  pounds  per  square  inch.  ...   70  000 

Elongation :   percentage  in  2   in 18 

Contraction   of   area :   percentage 25 
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4. — A  test  to  destruction  may  be  substituted  for  the  tensile  test, 
in  the  case  of  small  or  unimportant  castings,  by  selecting  three 
castings  from  a  lot.  This  test  shall  show  the  material  to  be  ductile, 
free  from  injurious  defects,  and  suitable  for  the  purpose  intended. 
A  lot  shall  consist  of  all  castings  from  the  same  melt  or  blow,  an- 
nealed in  the  same  furnace  charge. 

5. — Large  castings  shall  be  suspended  and  hammered  all 
over.  No  cracks,  flaws,  defects,  or  weakness  shall  appear  after 
such  treatment. 

6. — A  specimen  (1  in.  by  i  in.)  shall  bend,  cold,  around  a  diame- 
ter of  1  in.,  through  an  angle  of  90°,  without  fracture  on  the  out- 
side of  the  bent  portion. 

7. — The  number  of  standard  test  specimens  shall  depend  upon 
the  character  and  importance  of  the  castings.  A  test  piece  shall  be 
cut,  cold,  from  a  coupon  to  be  moulded  and  cast  on  some  portion  of 
one  or  more  castings  from  each  melt  or  blow,  or  from  the  sink- 
heads  (in  case  heads  of  sufficient  size  are  used).  The  coupon  or 
sink-head  must  receive  the  same  treatment  as  the  casting  or  cast- 
ings, before  the  specimen  is  cut  out,  and  before  the  coupon  or  sink- 
head  is  removed  from  the  casting. 

8. — Turnings  from  the  tensile  specimen,  or  drillings  from  the 
bending  specimen,  or  drillings  from  the  small  test  ingot,   if  pre- 
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ferred  hj  the  inspector,  shall  be  used  to  determine  -whether  or  not 
the  steel  is  within  the  limits  in  phosphorus  and  sulphur  specified  in 
Paragraph  2. 

9. — Castings  shall  be  true  to  pattern,  free  from  blemishes,  tiaws 
or  shrinkage  cracks.  Bearing  surfaces  shall  be  solid,  and  no 
porosity  shall  be  allowed  in  positions  where  the  resistance  and  value 
of  the  casting  for  the  purpose  intended  will  be  seriously  affected 
thereby. 

Steel  Forgings. 

1. — Steel  forgings  may  be  made  by  the  open-hearth  oT  crucible  Manufacture, 
process. 

2. — Phosphorus     0.04%  maximum. 

Sulphur    0.05%  maxiraum. 


Chemical 
Properties. 
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3. — Minimum  physical  properties  as  determined  on   a  standard 

turned  test  specimen  of  h  in.  diameter  and  2  in.  gauged  length: 

Tensile  strength,  in  pounds  per  square  inch. .  .   55  000  to  65  000 

Elongation :  percentage  in  2  in 28 

4. — A  specimen  (1  in.  by  J  in.)  shall  bend,  cold,  180°,  around  a   Bending  Test 
diameter  of  h,  in.,  without  fracture  on  the  outside  of  the  bent  por- 
tion.   The  bending  may  be  effected  by  pressure  or  by  blows. 

5. — The  number  and  location  of  the  test  specimens  to  be  taken 
from  a  melt,  blow,  or  foi'ging  shall  depend  upon  their  character  and 
importance,  and,  therefore,  must  be  regulated  by  individual  cases. 
The  test  specimen  shall  be  cut,  cold,  from  the  forging,  or  full- 
sized  prolongation  of  the  same,  parallel  to  the  axis  of  the  forging 
and  half  way  between  the  center  and  the  outside;  the  specimens 
shall  be  longitudinal,  i.  e.,  the  length  of  the  specimen  shall 
correspond  with  the  direction  in  which  the  metal  is  most 
drawn  out  or  worked.  When  forgings  have  large  ends  or  collars, 
the  test  specimens  shall  be  taken  from  a  prolongation  of  the  same 
diameter  or  section  as  that  of  the  forging  back  of  the  large  end  or 
collar.  In  the  case  of  hollow  shafting,  either  forged  or  bored,  the 
specimen  shall  be  taken  within  the  finished  section  prolonged,  half- 
way between  the  inner  and  outer  surfaces  of  the  wall  of  the  forging. 

6. — Turnings  from  the  tensile  specimen,  or  drillings  from  the 
bending  specimen,  or  drillings  from  the  small  test  ingot,  if  preferred 
by  the  inspector,  shall  be  used  to  determine  whether  or  not  the  steel 
is  within  the  limits  in  chemical  composition  specified  in  Para- 
graph 2. 

7. — Forgings  shall  be  free  from  cracks,  flaws,  seams,  or  other 
injurious  imperfections,  and  shall  conform  to  the  dimensions 
shown  on  the  drawings  furnished  by  the  purchaser,  and  shall  be 
made  and  finished  in  a  workmanlike  manner. 

8. — All  forgings  shall  be  annealed.  Annealing. 


Sample  for 
Chemical 
Analysis. 


Finish. 
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Manufacture. 


Chemical 
Properties. 


Physical 
Pi-operties. 


Bending  Test. 


Sample  for 
Chemical 
Analysis. 


Axle  Steel. 

1. — Axle  steel  may  be  made  by  tbe  opeii-bearth  or  crucible 
process. 

2. — Phosphorus    0.05%   maximum. 

Sulphur    0.05%   maximum. 

3. — ]\[inimum  physical  properties,  as  determiued  on  a  standard 
turned  test  specimen  of  A  in.  diameter  and  2  in.  gauged  length: 

Tensile  strength,  in  pounds  per  square  inch.  ..    80  000 
Elongation;  percentage   in  2   in 20 

4. — A  specimen  (1  in.  by  J  in-)  shall  bend,  cold,  180°,  around  a 
diameter  of  lA  in.,  without  fracture  on  the  outside  of  the  bent 
portion.     The  bending  test  may  be  made  by  pressure  or  by  blows. 

5. — Turnings  from  the  tensile  test  specimen,  or  drillings  from 
the  small  test  ingot,  if  preferred  by  the  inspector,  shall  be  used  to 
determine  whether  the  melt  is  within  the  limits  in  chemical  com- 
position specified  in  Paragraph  2. 


Manufacture. 


Chemical 
Properties. 


Physical 
Properties. 


Allowable 
Variations. 


Chemical 
Analysis. 


Form  of 
Specimens. 


Boiler  Plate. 

1. — The  steel  used  for  boilers  and  fire-boxes  shall  be  made  by  the 
open-hearth  process. 

2.- — Phosphorus     0.04%    maximum. 

Sulphur     0.04%    maximum. 

3. — The  physical  properties  required  shall  be  as  follows : 

Tensile    strength,    desired,    in    pounds    per 

square   inch    60  000 

-r.-,  .  .    .  1  500  000 

Elongation;  minimum  percentage  in  8  in.  7^,7. ; , ,— 

L  Itimate   strength. 

Character    of    fracture Silky. 

Cold  bends,  without  fracture 180°,  flat. 

4. — The  ultimate  strength  shall  come  within  4  000  lb.  of  that 
desired. 

5. — Chemical  determinations  of  the  percentage  of  carbon,  phos- 
phorus, sulphur  and  manganese  shall  be  made  by  the  manufacturer 
from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each  melt  of 
steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 
engineer  or  his  inspector.  A  check  analysis  shall  be  made  from  the 
finished  material,  if  called  for  by  the  purchaser,  in  which  case  an 
excess  of  25%  above  the  required  limits  will  be  allowed. 

6. — Specimens  for  tensile  and  bending  tests  for  plates  shall  be 
made  by  cutting   coupons  from  the  finished  product,   which  shall 
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lifivp  bofli  faces  rolled,  and  both  edges  milled  to  the  usual  form  of 
the  standard  test  specimen,  li  in.  wide  on  a  gauged  length  of  at 
least  9  in.;  or  with  both  edges  parallel. 

Xichel-Steel. 
1. — Xickel-steel  shall  be  made  by  the  open-hearth  process.  Manufaotm-e. 

9  Plates,  shapes  Rivets.        niipmi,-al 

and  bars.  PropertTes. 

Plio^^plionis  shall  not  exceed 0.04%  0.04% 

Sulphur  -       -         -       0.05%  0.04% 

Xickel.  not  less  than 3.00%  3.25% 

3. — The  physical  properties  required  shall  be  as  follows:  Physical 

Properties. 
Plates,  shapes,  bars  and  forcings.  Rivets. 

Pounds  per  square  inch. 
Minimum. 

Tensile  strength 80  000  60  000  to  70  000 

Elastic  limit 50  000  40  000  min. 

Elongation,  percentage  in  S  in.,  for  plates,  shapes,  bars  and  forgings; 

1  GOO  000 

and  also  tor  rivets  ^  -^^ — rr^  =  mm. 

ult.  strength 

Elongation,  percentage  in  2  in.,  for  forgings  =  2."j  per  cent. 

4. — Specimens  cut  from  plates,  shapes  and  bars  shall  bend,  cold,  BendiuK'  Tests. 
180°,   around   a   diameter   of   three   times   their  thickness,   without 
fracture  on  the  outside  of  the  bent  portion. 

5. — Specimens  cut  from  forgings  (1  in.  by  i  in.)  shall  bend, 
cold,  180°,  around  a  diameter  of  1  in.,  without  fracture  on  the  out- 
side of  the  bent  portion. 

6. — Each  rivet  rod  shall  bend  180°,  flat,  on  itself,  without  frac- 
ture on  the  outside  of  the  bent  portion. 

7. — Eivet  rods  shall  be  tested  as  rolled. 

8. — The  fracture  of  all  tension  tests  shall  show  a  fine  silky  tex-    Character  of 
ture,  of  a  uniform  bluish  gray  or  dove  color,  free  from  black  or 
brilliant  specks,  and  shall  show  no  sign  of  crystallization. 

9. — All  nickel-steel  forgings  shall  be  properly  annealed.  Annealing 

10. — Annealed   eye-bars    and   similar   members,   when    full-sized      FuU-Sized 
pieces  are  tested,  shall  comply  with  the  following  requirements : 

Minimum  ultimate  tensile  strength, 

in   pounds  per   square   inch 75  000. 

]\rinimum  elastic  limit,  in  pounds  per  square  inch,  45  000. 
^rininium  elongation  in  10  ft.,  including  fracture,  12%. 
The  fracture  shall  be  mostly  silky,  and  free  from  coarse  crystals. 
Full-sized  pieces  shall  bend,   cold,  180°,   around   a   diameter  of 

twice  their  thickness,  without  fracture. 
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Manufacture. 


Chemical 
Properties. 


Tool  Steel. 

1. — This  steel  is  generally  used  for  parts  which  require  hardening 
or  oil-tempering,  svich  as  pivots,  friction  rollers,  ball-bearings  and 
springs. 

2. — Tool  steel  shall  be  made  by  the  open-hearth  or  crucible 
process. 

•3. — Carbon    1-00%  minimum. 

Phosphorus    0.04%  maximum. 

Sulphur    0.04%  " 

Manganese    0.50%  " 


Phosphor-Bronze. 

Special  phosphor-bronze   shall   be  used   for  high   pressui*es   and 
slow  speed. 
Tests.  1. — The  metal  shall  have  a  minimum  elastic  limit  in  compres- 

sion of  24  000  lb.  per  sq.  in. 
Test  Pieces.  2. — A  test  piece  shall  be  cut  from  a  coupon  to  be  moulded  and 

cast  on  some  portion  of  each  casting.     Test  pieces  shall  be  one-inch 
cubes,  finished. 
Composition.         3.- — Phosphor-bronze  composed  of  the  following  ingredients  and 
of  the  following  proportions  has  given  satisfactory  results : 

Copper    80% 

Tin    15% 

Phosphor-Tin    5% 

Phosphorus    0.2% 


imposition. 


Method  of 
Mixing-. 


BahUtt  Metal. 

1. — Babbitt  metal  composed  of  the  following  ingredients  and  of 
the  following  proportions  has  given  satisfactory  results  and  a  low 
coefficient  of  friction  (0.03  to  0.04)  : 

Tin   2  parts. 

Zinc    1  part. 

Antimony,    5%    of    the    weight    of    the    tin    and    zinc. 

2. — Melt  the  zinc  and  antimony  separately.  When  both  metals 
are  melted,  add  the  antimony  to  the  zinc,  and  stir  the  mixture  with 
an  iron  ladle.  The  tin  is  then  added  cold,  and,  when  melted,  the 
mixtiire  is  stirred  thoroughly.  Before  pouring,  a  little  sal-ammoniac 
is  thrown  on  the  surface  to  collect  impurities. 
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TYPHOID  MORTALITY 
IX  SOUTH  BETHLEHEM,  PA. 


By    Maxsfield    Merriman    and    Winter    L.    Wilson,    Members^ 

Am.  Soc.  C.  E. 


Referring  to   the  discussion  by  J.   P.   A.  Maignen,  Assoc.   Am.        jiessrs. 
Soc.   C.   E.,   on  the  paper  by  Messrs.   Hazen   and   Hardy,   printed  '*^®''\Hton.^°'^ 
in   Transactions,  Vol.  LVII,  p.  383,  the  writers  desire  to  present 
V.  full  record  of  the  typhoid  mortality  in  South  Bethlehem.  Pa. 

Mr.  Maignen  says  "it  may  be  of  interest  to  know  the  influence 
which  filtration  has  had  on  this  disease  in  South  Bethlehem,"  and 
then  he  gives  figures  which  show  54  deaths  from  typhoid  and 
enteric  fever  in  1903  and  1904,  before  the  installation  of  the  filter 
plant  in  November,  1904,  and  no  deaths  in  190.5  and  1906.  Two 
inferences  are  evidently  intended  to  be  drawn  from  these  state- 
ments :  First,  that  the  normal  mortality  from  typhoid  before  1905 
was  about  27  deaths  per  year,  or  at  the  rate  of  about  180  per  100  000 
of  the  present  popiilation;  and  second,  that  the  influence  of  the 
filtration  of  the  water  supply  has  been  to  cause  this  disease  prac- 
tically to  disappear.  The  first  of  these  inferences  is  entirely  un- 
justified, as  the  following  statistics  will  prove;  and  the  second  will 
also  be  shown  to  have  little  or  no  validity. 

The  statistics  given  by  Mr.  Maignen  are  incomplete-,  as  they 
cover  only  a  short  period,  while  also  the  cases  and  deaths  given  by 

*  This  discussion,  called  forth  by  the  discussion  by  J.  P.  A.  Maignen,  Assoc.  Am. 
Soc.  C.  E.,  on  the  paper  by  Messrs.  Hazen  and  Hardy,  "  Works  for  the  Purification  of 
the  Water  Supply  of  Wa.shinpton,  D.  C."  iTransactinns,Vo\.  LVII.  p.  3071,  was  received 
too  late  to  be  printed  with  that  paper  in  Transactions.  It  is  printed  here  for  the 
information  of  those  interested  in  the  subject. 
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him  for  1903  and  1904  are  much  greater  in  number  than  those 
recorded  in  the  files  of  the  Board  of  Health  of  the  Borough  of 
South  Bethlehem.  The  writers  are  unable  to  explain  this  dis- 
crepancy, except  by  the  assumption  that  the  figures  include  locali- 
ties outside  of  the  limits  of  the  borough  where  the  same  water 
supply  is  used.  This  explanation,  however,  does  not  account  for 
his  statement  that  only  8  cases  and  no  deaths  occurred  in  1905  and 
1906,  for  the  official  records  of  the  Borough  of  South  Bethlehem 
show  22  cases  and  5  deaths  between  January  1st,  1905,  and  Novem- 
ber 1st,  1906. 

In  order  that  the  facts,  and  all  the  facts,  regarding  the  mortality 
from  typhoid  fever  in  the  Borough  of  South  Bethlehem  may  be 
known,  Table  1  is  presented.  This  table  has  been  compiled  by  the 
writers  from  the  records  of  the  Board  of  Health. 


TABLE  1.- — Deaths  from  Typhoid  Fe^er  in  South  Bethlehem, 

Pa. 


1895 

18%     1897  !  1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

Jan f 

1 

1 .... 

Feb ^  ■  1 

...... 

2 

1 
2 

1 

5 
i 
11 
1 
1 
1 
1 

"i" 

1 

2 

Mar.                      1      1 

Apr.  .                  

I 

..... 

1 

1 

July 

1 
"2"" 

1 

i 

Aug 

Sept 1      '      2 

Oct.          1      1 

'■"2" 

.... 

..... 

2 

1 

Nov 1 

Dec 2          1 

1 

1 

26 

1 

3 

Totals.... 

3 

2 

7 

0 

3 

5 

10 

7 

3 

2 

An  examination  of  these  figures  shows  that  there  were  no  deaths 
from  typhoid  fever  in  1898,  that  the  number  of  deaths  increased 
each  year  until  it  reached  a  maximum  in  1903,  and  has  since  de- 
creased. There  was,  in  fact,  an  epidemic  of  typhoid  fever  in  1903, 
in  which  year  117  cases  were  reported  to  the  Board  of  Health  and 
26  deaths  occurred.  The  cause  of  this  epidemic  was  attributed  by 
some  to  the  water  supply  and  by  others  to  the  milk  supply,  the 
weight  of  evidence  being  that  it  was  due  to  the  water.  Whatever 
may  have  been  the  cause,  the  epidemic  was  over  in  the  fall  of  1903, 
and  the  typhoid  mortality  for  1905-1906  has  been  at  practically 
the  same'  rate  as  in  the  years  1899-1900.  The  total  number  of 
deaths  from  typhoid  during  the  years  1895-1902  was  32,  or  an 
average  of  4  deaths  per  year,  and  this  may  be  regarded  as  the 
normal  typhoid  mortality  in  South  Bethlehem,  tininfluenced  either 
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l.v  epidemics  or  by  filtration.     The  epidemic  of  IWo,  due  probably        Messrs. 
"^      '  "^  1  T      1  •  1  .•    .    .      Meniman  and 

to  pollution  of  the  water  supply,  caused  this  normal  rate  01  4  to  whsoq. 
be  raised  lo  26.  The  average  mortality  in  the  two  years,  1905-1906, 
is  2.5,  but  it  is  questionable  whether  the  decrease  from  4  to  2.5 
can  properly  be  ascribed  to  filtration  when  it  is  seen  that  the  same 
average  of  2.5  is  found  for  the  two  years,  1899-1900,  and  a  still 
lower  one  for  the  two  years,  1898-1899. 

South  Bethlehem  derives  its  water  supply  from  the  Lehigh 
River.  Allentown,  five  miles  up  stream,  derives  its  water  supply 
from  springs,  and  discharges  a  considerable  quantity  of  sewage 
into  the  same  river.  Table  2  gives  the  facts  regarding  the  mor- 
tality from  typhoid  fever  in  Allentown,  as  compiled  by  the  writers 
from  the  records  of  the  Board  of  Health  of  that  city: 

TABLE  2. — Deaths    from    Typhoid    Fever    in    Allentowx,    Pa. 


1895 

1896 
2 

1897 
2 

189S 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

Jan 

2 

1 

2 

1 

1 

1 

1 

Feb 

3 

1 

3 

0 

1 

3 

3 

2 

2 

1 

Mar 

2 

4 

1 

2 

4 

8 

2 

3 

Apr 

7 

1 

1 

4 

2 

3 

3 

May 

June 

3 

1 

2 

2 

1 

2 

2 
2 

1 

2 

1 

a 

a 

3 

July 

/o 

3 

4 

8 
8 

1 
1 

■■■3" 

2 

..... 

1 

Augr 

3 

2 

3 

Sept 

8 

1 

3 

3 

i 

4 

2 

1 

1 

Oct 

7 
1 

4 

i 

2 

3 

1 

2 
2 

1 
2 

1 

27 
11 

2 
1 

4 
1 

3 

1 

Nov 

2 

Dec 

•2 

43 

5 

20 

1 
13 

2 

2 

5 
65 

1 

2 

3 

11 

Totals... 

22 

24 

17 

17 

17 

18 

18 

Table  2  shows  fluctuations  similar  to  those  in  the  table  for 
South  Bethlehem,  the  number  of  deaths  being  greater  because  of 
the  larger  population  of  Allentown.  The  typhoid  epidemic  of  1903 
in  South  Bethlehem  was  preceded  by  one  in  Allentown  in  1902 ; 
the  rise  of  the  number  of  deaths  in  years  prior  to  1902,  and  the 
subsequent  decrease,  show  a  similarity  to  the  fluctuations  in  the 
fi'gures  for  South  Bethlehem.  The  average  mortality  for  the  seven 
years  preceding  1902  is  22  per  year,  and  this  may  be  regarded  as 
the  normal  rate  for  Allentown  independent  of  epidemics  or  filtrti- 
tion.  The  epidemic  of  1902  caused  the  normal  yoarl.v  mortality 
rate  of  22  to  rise  to  65,  and  then,  for  the  four  years  following,  the 
average  rate  dropped  to  about  18.  This  drop  in  typhoid  mortality 
after  1902  cannot  be  attributed  to  filtration,  since  Allentown  has 
no  plant  for  this  pvirpose. 

In  order  to  compare  pronerly  the  foregoing  statistics  of  typhoid 
mortality   for   South  Bethlehem   and   Allentown,  it  is  necessary  to 


ISDT 

1898 

1899 

1900 

12  360 

12  650 

12  950 

13  241 

32  360 

33  330 

34  400 

35  416 

1003 

1004 

1905 

1906 

14  120 

14  420 

14  700 

15  000 

38  480 

39  550 

40  620 

41  690 

1899 

1900 

15.4 

22.7 

69.8 

31.1 

1905 

1906 
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Messrs.         reduce  them  to   a   common   basis,   and   the   number   of   deaths   per 
Wilson.         100  000    of    population    has    been    computed.      In    doing    this,    the 
population  of  the  two  towns  for  each  year  was  first  determined  by 
interpolation  from  the  census  records,  as  follows: 

1895  1896 

South  Bethlehem  . .  11  770  12  060 

Allentown 30  320  31  340 

1901  1902 

South  Bethlehem.  .  13  530  13  830 

Allentown 36  430  37  460 

The  deaths  from  typhoid  fever  per  100  000  of  population  are 
then  as  follow  for  each  of  the  years,  1895-1906 : 

1895  1896  1897  1898 

South  Bethlehem.  ..     25.5  16.6  56.6  0.0 

Allentown 158.3  63.8  40.2  65.9 

1901  1902  1903  1904 

South  Bethlehem.  ..     37.0  72.3  184.8  48.5         20.4       (13.3) 

Allentown 46.7  173.6  44.2  43.0         44.3       (43.2) 

These  figures  show  the  average  yearly  tjT)hoid  death  rate  per 
100  000  of  population  for  the  eleven  years,  1895-1906,  to  be  45.4 
for  South  Bethlehem  and  71.0  for  Allentown.  Omitting  the  epidemic 
years  of  1903  at  South  Bethlehem  and  those  of  1895  and  1902  at 
Allentown,  the  average  annual  death  rate  per  100  000  of  population 
has  been  31.5  for  South  Bethlehem  and  49.9  for  Allentown.  The 
epidemic  of  1903  in  South  Bethlehem  caused  the  typhoid  mortality 
for  that  year  to  be  nearly  six  times  the  average  rate,  while  that  at 
Allentown  in  1902  caused  the  rate  for  that  year  to  be  about  three 
and  one-half  times  the  average  rate.  In  the  second  year  follow- 
ing these  epidemics,  the  typhoid  death  rate  in  both  towns  dropped 
below  the  average.  The  remarkable  similarity  of  the  curves  for 
the  two  towns  leads  to  the  probable  conclusion  that  the  typhoid 
epidemic  of  1903  in  South  Bethlehem  might  have  been  due  to 
that  which  prevailed  in  Allentown  in  1902.  This  conclusion  is 
strengthened  by  the  facts  that  the  water  supply  of  the  Lehigh 
River  is  always  more  or  less  polluted  by  the  drainage  of  Allen- 
town, and  that  the  two  epidemics  were  separated  only  by  an  in- 
terval of  about  four  months.  The  drop  of  both  curves  in  the  two 
years  following  the  epidemics,  together  with  the  known  fact  that 
the  Allentown  supply  has  never  been  filtered,  furnishes  evidence 
that  the  decrease  of  typhoid  fever  in  South  Bethlehem  in  1905 
and  1906  cannot  fairly  be  attributed  to  the  filtration  plant  which 
was  put  into  operation  in  November,  1904. 
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LIGHTHOUSE  CONSTRUCTION 
IN  THE  PHILIPPINES. 

Discussion.* 


By  Charles  E.  L.  B.  Davis,  M.  Am.  Soc.  C.  E. 


Charles  E.  L.  B.  Davis,  M.  Am.  Soc.  C.  E.t  (by  letter).— The  Mr.  Davis. 
Avriter  has  read  this  paper  with  much  interest,  and  wishes  to  offer 
some  criticism  on  the  asserted  indestructibility  of  the  native  hard 
woods  by  the  teredo  and  the  white  ant. 

In  the  harbor  works  of  the  Port  of  Manila  there  were  two 
dredges  of  the  endless-chain  bucket  type,  built  by  the  Spaniards  and 
used  by  the  Philippine  Government  in  dredging  the  mouth  of  the 
Pasig  Eiver.  These  dredges  dug  up  at  various  times  pieces  of 
native  wood,  and  several  pieces  of  molave  were  in  the  office  of  the 
works  of  the  port  on  the  Malecon  Drive  in  Manila  when  the  writer 
left  the  islands.  These  pieces  had  probably  dropped  from  the 
decks  of  passing  boats,  and,  like  most  of  the  native  woods,  being 
heavier  than  water,  had  sunk  to  the  bottom.  These  pieces  of  molave 
were  honeycombed  by  the  teredo.  The  appearance  of  the  wood  in- 
dicated that  it  had  not  been  long  in  the  water.  In  addition  to  the 
boring  of  the  teredo,  there  were  several  perfectly  round,  smooth 
holes,  about  §  in.  in  diameter,  at  right  angles  to  the  direction  of 
the  fiber  of  the  wood  and  passing  entirely  through  the  specimens. 
Apparently,  these  were  made  by  the  same  animal  that  bores  similar 
holes  in  the  soft   adobe  stone  used  by  the  Spaniards  in  the  con- 

*This  discussion  (of  the  paper  by  Spencer  Cosby.  M.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedings for  November,  1906),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 
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Mr.  Davis,  structiou  of  the  sea-walls  at  the  mouth  of  the  Pasig  Kiver,  several 
specimens  of  which  the  writer  obtained  alive  from  the  cavities  of 
this  stone.  It  is  one  of  the  family  of  Pholadida?,  a  bivalve  mollusk 
that  bores  into  wood  and  stone. 

It  was  for  this  reason  that  the  wharves  or  slips  which  are  to  be 
built  for  the  accommodation  of  vessels  in  the  harbor  inside  of  the 
breakwater  at  Manila  are  to  have  concrete  piers  on  pile  founda- 
tions, with  steel  superstructures. 

With  reference  to  the  statement  that  by  allowing  no  wood  to 
come  in  contact  with  the  ground,  and  sinking  the  lower  parts  of  the 
posts  in  concrete  piers,  as  a  precaution  against  the  attack  of  the 
white  ant,  the  writer  will  relate  his  experience.  DTiring  a  portion 
of  his  stay  in  Manila  he  lived  on  Nozaleda  Street,  in  one  of  the 
buildings  erected  by  the  Spaniards  for  occupancy  by  the  engineer 
officers  of  their  army.  The  United  States  Quartermaster's  Depart- 
ment had  built,  over  the  doors  and  windows,  rain  sheds  of  corru- 
gated galvanized  iron ;  those  over  the  windows  were  supported  by 
brackets  and  those  over  the  doors  by  posts  on  concrete  blocks,  as 
shown  by  the  photograph,  Plate  XI.  These  posts  were  of  native  hard 
wood,  but,  as  they  were  painted,  the  writer  does  not  know  whether 
or  not  they  were  of  molave. 

On  the  further  post,  as  can  be  plainly  seen  in  the  photograph, 
was  a  crack,  either  a  wind-shake  or  a  sun-check.  Sitting  on  the 
porch  one  day,  the  writer  observed  a  winged  ant  flying  around  this 
crack,  evidently  examining  it  very  carefully,  alighting  frequently 
and  going  into  it  as  far  as  possible.  A  few  mornings  later,  it  was 
seen  that  a  white  ant  gallery  or  tunnel  had  been  built  from  the 
groiind  up  over  the  cement  base  and  about  a  foot  or  more  up  the 
post  in  a  direct  line  toward  the  crack.  The  writer  scraped  the 
tunnel  off  and  killed  the  ants  by  stamping  on  them;  but,  a  few 
mornings  afterward,  he  observed  that  the  same  thing  had  taken 
place,  a  tunnel  had  been  bi;ilt  during  the  night  a  little  higher  up 
the  post  than  before.  This  time  the  writer  scraped  off  the  gallery, 
poured  kerosene  over  the  ants,  which  killed  them  instantly,  and 
saturated  the  ground  with  the  oil,  which  seemed  to  discourage  the 
ants,  for  he  saw  no  further  attempts  to  enter  the  post  during  his 
stay  in  the  house. 

Evidently,  any  opening,  however  small,  will  alford  an  entrance 
to  this  pest,  which  will  go,  to  great  trouble  to  reach  the  opening, 
and  great  precautions  will  have  to  be  taken  to  ensure  freedom  from 
the  attacks  of  this  insect. 

Johnson's  Cyclopedia,  in  the  article  on  Termites,  says  there  are 
several  kinds  of  individuals  in  each  nest:  (1)  sexual  individuals, 
kings  and  queens;  (2)  neuters,  abortive  males  and  females,  workers 
and  soldiers;  (8)  larvae  of  males  and  females,  workers  and  soldiers; 
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and  (4)  nymphs  of  the  same.  The  males  and  females  when  they  Mr.  Davi 
come  to  maturity  have  wings.  The  workers  measure  from  ^  to  e^ 
in.  in  length,  have  soft,  white  bodies,  and  no  eyes.  They  habitually 
avoid  air  and  light.  When  they  desire  to  reach  a  certain  point,  a 
covered  gallery  is  immediately  built  to  that  point,  that  they  may 
reach  it  unseen. 

The  above  description  from  the  Cyclopedia  corresponds  to  the 
writer's  observations  as  far  as  they  extended.  The  ants  he  saw, 
that  is,  the  workers,  looked  like  white,  blind  grubs,  about  i  in.  long, 
and  were  very  active  when  disturbed.  The  gallery  was  made  of 
earth  moistened  with  some  secretion  of  the  ant,  and  was  about  the 
color  of  potter's  clay  when  fresh;  it  becomes  very  hard  in  time.  It 
is  about  the  size  of  a  lead  pencil  in  exterior  diameter,  and  adheres 
very  firmly  to  wood  and  stone.  They  only  work  on  the  gallery  at 
night  or  in  the  dark. 
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Discussion.* 


By  William  C.  Hoad,  Assoc.  M.  Am.  Soc.  C.  E. 


William  C.  Hoad,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter.) — 
Tlie  fact  that  the  run-off  per  unit  of  area  from  small  areas  is 
greater  than  that  from  large  areas  is  clearly  recognized,  and  is 
conceded  to  be  due  to  the  higher  maximum  rates  of  rainfall  obtain- 
ing for  the  short  period  of  time  necessary  for  the  concentration  of 
the  flood  waters  from  all  parts  of  the  small  area  than  for  the 
longer  period  required  for  concentration  in  the  case  of  the  larger 
ji.rea.  This  is  taken  account  of,  in  many  of  the  formulas,  by  intro- 
tlucing  some  power  of  the  area,  A,  or  of  both  the  area  and  the  gen- 
eral slope,  Sj  into  the  expression  for  the  run-off,  thus  assuming 
that  the  time  of  concentration  is  a  function  of  the  area.  Even 
when  the  rational  formula,  Q=AGI,  is  used,  the  time  of  con- 
centration, for  which  the  intensity,  I,  is  taken,  is  oftentimes  de- 
termined by  a  subordinate  formula  involving  the  area  and  the 
slope.  The  writer  has  in  the  past  spent  considerable  time  in  at- 
tempting to  obtain  a  satisfactory  expression  for  the  time,  T,  in 
terms  of  some  function  of  the  area.  A,  and  its  general  slope,  8, 
with  the  idea  in  view  of  incorporating  such  an  expression  with  a 
rainfall  formula  and  a  variable  run-off  factor,  but  has  finally 
given  it  up.     He  had  come  to  believe,  moreover,  that  this  cannot 

*  This  discussion  Cof  the  paper  by  Charles  Emerson  Gregory,  Assoc.  M.  Am.  Soc.  C. 
E.,  printed  in  Proceedings  for  November,  1906)  is  printed  in  Proceedings  in  order  that 
the  views  expressed  may  be  brought  before  all  members  for  further  discussion. 
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be  done  with  as  close  an  approach  to  accuracy  as  is  demanded  by  Mr.  Hoad. 
the  importance  of  the  results  involved. 

The  time  of  concentration  of  any  given  area  is  a  function  of 
the  distance  through  which  the  water  falling  upon  the  extreme 
limits  must  pass  through  in  order  to  reach  the  point  in  question, 
and  of  its  velocity  of  flow  in  passing  through  this  distance.  This 
distance  is  not  a  function  of  the  area,  for  areas  of  the  same  size 
but  of  different  shapes  give  different  distances,  as  may  be  seen  by 
Fig.  12  and  Table  12.     Here,  with  the  assumed  directions  of  flow, 


(a) 


(6) 


(<^) 


2X 


ie) 


zx 


(f) 


Fig.  12. 


TABLE  12. — Eelation  between  Area  and  Distance^  for  Drain- 
age Areas  of  Different  Shapes^  and  for  Different  General 
EouTES  FOR  Sewers,  as  Indicated  in  Fig.  12. 


(a)  D  =  417  sJA 
(d)  D  =  313  ^/A 
ig)  D  =  296  ^A 


(h)  D  =  443  ^A 

(e)  D  =  296  ^A 
(h)  D  =  330  ^A 


(c)  B  =  482  ^A 
(/)  D  =  302  ^A 
(i)  D  =  3S1  ^A 


indicated  by  the  arrows,  the  ratios  between  the  distances  and  the 
square  root  of  the  area  are  seen  to  vary  from  295  to  483.  More- 
over, it  is  a  matter  of  common  observation  that,  on  account  of  local 
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Mr.  Hoaci.  topographical  conditions,  the  routes  taken  by  sewer  lines  are  often 
more  or  less  circuitous,  and  this  constitutes  another  important 
source  of  irregularity  with  which  the  area  has  nothing  to  do.  In 
the  sewer  map  and  tables  accompanying  the  paper  by  W.  C.  Parm- 
ley,  M.  Am.  Soc.  C.  E.,  on  the  Walworth  Sewer  at  Cleveland,*  the 
twenty-three  sub-areas  tributary  to  this  sewer  are  shown,  and  the 
number  of  acres,  and,  also,  "the  number  of  feet  from  the  remotest 
lateral  to  the  point  of  discharge  into  Walworth  Sewer"  are  given 
for  each  area.  The  ratios  of  these  distances  to  the  square  root  of 
the  number  of  acres  in  their  respective  areas  vary  from  about  100 
to  more  than  600.  Of  the  twenty-three  areas,  five  give  ratios  of 
less  than  250,  and  eight  of  more  than  450.  The  mean  of  the 
largest  35%  of  the  ratios  is  2.8  times  the  mean  of  the  smallest  25 
per  cent.  The  figures  given  neglect  the  relatively  small  distance 
that  the  storm-water  must  run  over  the  surface  of  the  ground  be- 
fore reaching  the  street  inlet;  but,  since  the  variation  in  the 
ratios  does  not  coincide  with  the  variation  in  the  size  of  the  areas, 
this  omission  should  not  vitiate  the  above  comparison. 

Neither  is  the  velocity  of  flow — the  other  factor  of  the  time 
of  concentration — entirely  dependent  upon  the  general  slope  of  the 
surface,  or  of  the  sewer,  or  even  upon  a  combination  of  the  slope 
and  the  area.  It  is,  however,  chiefly  determined  by  the  slope  and 
the  quantity  of  water  flowing,  but  the  area  is  a  very  inaccurate 
measure  of  this  latter  because  of  the  widely  different  decrees  of 
imperviousness  possessed  by  different  areas.  Taken  on  the  whole, 
the  slope,  S,  and  the  area.  A,  are  at  best  only  uncertain  guides  for 
the  determination  of  the  proper  rainfall  rate,  R,  to  use. 

The  writer  is  strongly  of  the  opinion  that,  ordinarily,  it  is 
preferable  to  determine  the  time  of  concentration  directly  in  each 
particular  area;  that  is,  to  scale  the  distance  from  a  map,  estimate 
it  carefully,  or  measure  it  out  on  the  ground,  and  to  compute  the 
time  from  this  and  the  calculated  velocity  of  flow,  the  velocity 
being  determined  with  sufficient  exactness  from  the  known  slopes 
and  a  preliminary  estimate  of  the  quantity  of  water.  A  more  or 
less  arbitrary  addition  of  a  few  miniites  should  then  be  made  to 
this,  to  allow  for  the  time  required  for  the  water  to  reach  the 
sewer.  With  the  time,  T,  determined,  the  intensity  of  rainfall,  I, 
proper  for  this  area,  should  be  taken  from  a  curve  or  formula,  the 
run-off  factor  should  then  be  decided,  and  the  quantity,  Q,  com- 
puted. 

This  method,  of  course,  has  been  used  to  a  considerable  extent. 
Its  chief  advantages  are  its  flexibility  and  its  rationality.  It  may 
be  used  with  essential  accuracy  on  an  area  of  any  reasonable  shape, 

*  Transactions.  Am.  Soc.  C.  E.,  Vol.  LV,  p.  341. 
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alopc  and  size,  and  under  any  conditions  of  rainfall,  provided  that  >ir.  Hoad. 
these   conditions   of   rainfall   and   topography   are   known;    if   they^ 
are  not  known,  and  have  to  be  guessed  at,  is  at  least  as  accurate 
as  any  of  the  other  formulas.     The  advantage  of  a  rational  over  an 
empirical  method  is  obvious. 

The  leading  disadvantage  that  has  been  urged  against  this 
method  is  that  its  application  is  tedious  and  involves  preliminary 
estimates  of  distance  and  time.  This  can  hardly  be  considered  a 
serious  objection,  however,  as  the  small  amount  of  extra  office 
work  is  quite  insignificant  when  compared  with  the  importance  of 
an  accurate  determination.  Moreover,  the  thorough  knowledge  of 
the  local  conditions  pertaining  to  each  area,  which  is  a  requisite 
to  the  proper  use  of  the  method,  is  certainly  conducive  to  more 
intelligent  design.  Probably  a  more  frequent,  though  less  recog- 
nized, obstacle  is  the  fact  that  the  use  of  the  method  requires  a 
knowledge  of  the  local  rainfall  curve.  In  case  very  little  is  known 
of  the  local  rainfall  rates,  other  than  those  for  a  1-hour  period  or 
longer,  it  is  much  easier  to  shift  the  whole  responsibility  to  some 
formula  that  does  concern  itself  with  variations  in  the  rainfall 
rate. 

The  writer   has   developed   for   himself   a  method  of  using  the 
rational   formula    which    avoids    some   of   the    disadvantages    men- 
tioned, and  which  may  be  of  some  benefit  to  others. 
The  general  formula,  as  usually  stated,  is : 

Q=ACI    (1) 

in  which 

Q  =  the  run-off,  in  cubic  feet  per  second ; 
A  =  the  area,  in  acres ; 

C  =  the  ratio  of  rainfall  to  run-off;  depending  largely 
upon  the  imperviousness,  but  modified  to  some  ex- 
tent by  the  length  of  time  required  for  concentra- 
tion ; 
7  =  the  rainfall  intensity,  in  inches  per  hour,  for  the 
time  of  concentration,   T. 

The  writer,  in  common  with  many  others,  has  collected  and 
studied  numerous  rainfall  data,  particularly  those  for  the  Middle 
West.  For  those  storms  for  which  it  is  ordinarily  desirable  to 
provide,  in  designing  storm  sewers,  he  has  expressed  the  relation 
between  the  intensity  and  the  duration  of  the  downpour  by  the 
equation : 

^160 

^=20irr ^2) 

which   is   of   the    form   used   by    Professor    Talbot,    Mr.   Kuichling, 
and  others,  but  with  the  numerical  constants  changed  to  suit  local 
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Mr.  Hoad.  meteorological  conditions,  and  also  to  exclude  very  high  rates  of 
rainfall  of  infrequent  occurrence. 

The  relation  between  the  intensity  of  rainfall  and  the  duration 
of  the  downpour — in  other  words,  the  rainfall  curve — varies  in 
different  sections  of  the  country;  moreover,  even  in  the  same  sec- 
tion, different  engineers  will  place  different  valuations  upon  the 
importance  of  providing  for  the  less  frequent  rates.  It  may,  indeed, 
be  entirely  appropriate  in  a  single  city  to  design  one  sewer  to  pro- 
vide adequately  for  the  heaviest  storm  of  a  generation,  and  at  the 
same  time  design  others  with  such  capacity  that  they  may  be  ex- 
pected to  be  surcharged  every  year  or  two.  These  variations  in  the 
rainfall  curve  may  be  expressed  with  essential  accuracy  by  a  co- 
efficient. Owing  to  the  manner  in  which  precipitation  records  have 
been  reported,  data  regarding  the  maximum  rate  lasting  for  1  hour, 
in  different  localities,  are  more  commonly  available  than  those  for 
any  other  periods,  and  probably  most  engineers  have  a  much  more 
accurate  idea  of  the  ordinary  maximum  hourly  rate  for  their  own 
localities  and  of  the  freqiiency  of  its  occurrence  than  of  the  rates 
for  shorter  periods  of  time.  It  is  believed,  therefore,  that  a  co- 
efficient based  on  the  rate  of  rainfall  lasting  for  1  hour  may  be 
easily  and  accurately  applied.  The  rainfall  curve  given  in  Equa- 
tion 2  may  then  be  written 

^^=^o4^ (3) 

in  which 

E  =  the   maximum    rate    of   rainfall   which    it   is   deemed 

expedient  to  consider,  and  lasting  for  the  period  of 

1  hour. 

The  value  of  B.  in  the  writer's  curve,  is  2.    If  it  be  taken  as  1.5, 

the  ciirve  will  be  identical  with  that  of  Mr.  Kuichling,  shown  in 

Fig.  1.* 

Calling   Q'  the  run-off,  in  cubic  feet  per  second  per  acre,  and 
80        , 
substituting  R  on  _i_  f  io^'  ^'  Equation  1  may  be  written 

Q>  =  C  B  — --^ (4> 

which  is  the  writer's  run-off  formula. 

In  this  equation,  R  will  probably  vary  for  different  localities 
and  conditions  from  as  low  as  1.0  to  2.5,  or  perhaps  more,  and  0 
may  range  all  the  way  from  0.10  to  nearly  if  not  quite  1.00;  this 
will  give  RC  a  range  of  from  perhaps  0.20  to  2.00,  as  outside  values. 
In  Fig.  13  curves  are  drawn  for  this  equation  giving  the  run-off,  in 
cubic  feet  per  second  per  acre,  for  varying  periods  of  time,  and 
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Mr.  HoBd. 


Run-Off,  in  cubic  feet  per  second  per  acre 
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Mr.  Hoad.  for  values  oi  RC  varying  by  tenths  from  0.20  to  2.00.  The  use  of 
diagrams  of  this  kind  is  to  he  recommended,  as  it  not  only  saves 
time,  but,  vrhich  is  of  much  greater  importance,  also  enables  the 
user  to  see  something  of  the  significance  of  the  assumptions  which 
he  perforce  must  make  in  any  calculation  of  run-off. 

The  derivation  of  the  time,  T,  may  be  somewhat  tedious,  but 
the  determination  of  this  factor  with  essential  accuracy  is  believed 
to  be  of  sufficient  importance  to  warrant  the  expenditure  of  the 
small  amount  of  time  necessary  for  it.  The  method  already  used 
by  Mr.  Parmley  and  others,  and  suggested  by  Mr.  Gregory,  of 
computing  the  actual  time  of  flow  in  the  tributary  sewers,  the 
length,  grade  and  (approximate)  quantity  of  water  being  previously 
known,  and  of  adding  to  this  an  allowance  of  a  few  minutes  for 
the  time  required  for  the  water  to  reach  the  inlet,  is  certainly  to 
be  recommended.  Even  if  these  data  are  not  available,  as  in  the 
case  of  areas  only  partially  sewered,  they  may  be  estimated  with 
as  much  accuracy  as  the  "average"  slope,  S,  which  is  somewhat 
indefinite. 

As  a  help  in  determining  the  time,  T,  Table  13  is  given.  This 
shows  the  velocities,  in  feet  per  minute,  when  "flowing  full"  in 
circular  sewers  from  18  in.  to  10  ft.  in  diameter,  on  grades  of  from 
1  to  40  per  1  000.  They  are  adapted  from  a  table  computed  from 
Kutter's  formula,  in  which  n  has  a  value  of  0.015. 


TABLE  13. — Velocities,  in  Eeet  per  Minute,  ix  Sewers  Flowing 
Full.    From  Kutter''s  Formula,  with  n  =  0.015. 


Diameter  of  Sewer,  in  Feet. 

1.5 

2 

2.5 

3 

3.5 

4 

5 

6 

8 

10 

.s 

Diameter  of  Sewer,  in 

Indies. 

18 

24 

.30 

36     43 

48 
190 

60 

72 

96 

120 

1 

90 

110 

130 

150 

170 

220 

250 

300 

350 

-  3 

ISO 

160 

190 

220 

240 

270 

310 

350 

430 

490 

4 

190 

230 

270 

310 

.350 

380 

440 

500 

600 

700 

6 

230 

280 

330 

380 

430 

460 

540 

610 

740 

860 

8 

260 

330 

380 

440 

490 

640 

620 

710 

860 

990 

10 

300 

370 

430 

490 

540 

600 

700 

79') 

960 

1100 

15 

.360 

450 

520 

BOO 

660 

730 

850 

970 

1  160 

20 

420 
470 
510 
550 
590 

520 
580 
630 
680 
7S0 

600 
680 
740 
800 
850 

690 
780 
850 
920 
980 

770 

860 

950 

1020 

1090 

850 

940 

1040 

1120 

990 
1  110 

1  120 

25 

30 

35 

40 

1  " 
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The  manner  of  using  the  diagrams,  then,  is  first  to  determine  Mr.  Hoad. 
as  nearly  as  practicable  the  time  of  concentration,  T ;  then,  from 
the  diagram,  take  out  the  run-off,  in  cubic  feet  per  second  per 
acre,  corresponding  to  this  time  and  to  the  value  oi  BG  previously- 
decided  upon;  then  multiply  this  by  the  area  in  acres. 

For  the  purpose   of   a  comparison  with  the  formulas  given  in 
Mr.   Gregory's  Table  4,  the  writer  has  computed  Table  14,  which 

TABLE  14. — Results  of  Use  of  Ri  n-Off  Formula, 

for  the  Areas  kub  Slopes  Indicated. 


10  Acres. 

100  A 

CEES. 

1  000  Acres. 

10  000  Acres. 

S=  1 

S=^  10 

S  =  l 

.V  =  10 

S  =  1 

S=  10 

«=  1 

S=  10 

Average     velocity     of 
water,  in  feet   per 
minute 

120          800 

KiO 
3(i 

57 

420 

90 

220 

72 

350 

580 

■■■■29" 

650 

300 
156 

1820 

780 

r,  after  adding  8  min. . 
r,  after  adding  5  min. . 

20 

iiV 
11 

■■■■62" 

Q,  when  ff  =  0.80, 

and  C  =  0.50 

8 

3900 

Q,  wlien  i?  =  1.50, 

and  C  =  0.50 

! 

15             20 

107 

167 

650 

1220 

3  410 

7  330 

gives  similar  values  for  the  formula  just  developed.  The  distances 
were  estimated  at  443  \/A,  the  areas  being  twice  as  long  as  broad, 
and  the  velocities  were  assumed  as  indicated.  Arbitrary  additions 
of  8  min.  in  the  case  of  the  1  to  1  000  slope,  and  of  5  min.  in  that 
of  the  10  to  1  000  slope,  were  made  in  order  to  allow  time  for  the 
water  to  reach  the  sewer.  In  order  to  make  the  run-off  for  100 
acres  with  the  10  to  1 000  slope  equal  to  90,  and  thus  fulfill  the 
conditions  required  of  the  other  formulas,  R  was  put  equal  to 
0.80,  certainly  a  lower  value  than  should  ordinarily  be  assumed  in 
practice.  In  the  lower  part  of  the  table  are  given  similarly  com- 
puted quantities  for  a  value  oi  B  =  1.5,  G  remaining  the  same, 
which  probably  more  nearly  represent  average  conditions  than  those 
above. 
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tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 

FREEMAN  CLARKE  COFFIN,  M.  Am.  Soc.  C.  E.* 


Died  November  IIth^  1906. 

Freeman  Clarke  Coffin  was  born  in  Boston,  on  September  14th, 
1856.  He  was  the  son  of  Alonzo  King  and  Mary  E.  Coffin.  His 
early  life  was  spent  in  Patten,  Maine,  where  he  attended  the  pub- 
lic schools  up  to  the  age  of  fourteen  years,  when  the  support  of 
the  family  fell  upon  his  shoulders,  and  it  became  necessary  for  him 
to  go  into  business.  For  a  year  or  two  he  served  in  a  general  store, 
and  then  began  the  manufacture  of  furniture  in  a  small  way.  In 
the  next  ten  years  he  built  up  the  largest  establishment  of  its 
kind  in  the  town. 

Dissatisfied  with  the  outlook  for  the  future,  he  moved  to  Boston, 
at  the  age  of  twenty-six,  entered  the  works  of  the  Coffin  Valve 
Company,  and  two  years  later  the  office  of  the  late  M.  M.  Tidd,  M. 
Am.  Soc.  C.  E.,  one  of  the  leading  civil  engineers  of  New  Eng- 
land, who  was  devoting  himself  largely  to  water-works  construc- 
tion. There  Mr.  Coffin  began  his  technical  studies,  and  laid  the 
foundation  for  his  future  success. 

In  1894  Mr.  Coffin  opened  his  own  office  in  Boston,  and  in 
1905  took  into  partnership  his  principal  assistant,  Mr.  Lewis  D. 
Thorpe. 

Notwithstanding  the  character  of  his  early  training,  and  the 
fact  that  he  did  not  take  up  engineering  work  until  middle  life, 
by  dint  of  hard  work  and  constant  application,  Mr.  Coffin,  in  the 
course  of  a  comparatively  short  professional  career,  made  an  en- 
viable name  for  himself  among  the  foremost  engineers  of  New 
England.  His  professional  work  was  largely  along  the  lines  of 
water-works  and  sewerage  construction,  though  he  was  often  con- 
sulted and  had  testified  many  times  in  water-works  valuation  and 
water  diversion  cases  in  different  parts  of  the  country. 

Mr.  Coffin  was  a  Member  of  the  Boston  Society  of  Civil  Engi- 
neers, the  Canadian  Society  of  Civil  Engineers,  the  New  England 
Water  Works  Association,  and  the  Twentieth  Century  Club,  of 
Boston.  At  the  time  of  his  death,  he  was  a  Vice-President  of  the 
Boston  Society  of  Civil  Engineers,  and  Chairman  of  the  Sanitary 
Section   of  that   Society    (for  the  formation   of  which   Section   he 

*  Memoir  prepared  by  Leonard  Metcalf,  M.  Am.  Soc.  C.  E.,  and  William  S.  John- 
son, Assoc.  M.  Am.  Soc.  C.  E. 
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was  largely  responsible),  and  had  been  nominated  as  a  Vice-Presi- 
dent of  the  New  England  Water  Works  Association. 

Mr,  Coffin's  keen  interest  in  the  technical  side  of  his  profession, 
and  in  the  work  of  the  engineering  societies,  is  attested  by  the 
admirable  papers  and  discussions  which  came  from  his  pen.  Among 
these  might  be  mentioned  his  discussions  before  this  Society  on 
papers  upon  "The  Financial  Management  of  Water  Works"  and 
''The  Valuation  of  Water  Works  Property,"  and  his  papers  before 
the  New  England  Water  Works  Association  upon  "The  Financial 
Management  of  Water  Works;"  "Standpipes  and  Their  Design;" 
"Friction  in  Several  Pumping  Mains;"  "Corrosion  of  Pipes;" 
"Application  of  Gas,  Gasoline  and  Oil  Engines  to  Pumping  Ma- 
chinery," and  "Covered  Reservoirs  and  Their  Design," 

One  of  the  most  notable  of  his  services  to  the  engineering  pro- 
fession grew  out  of  his  paper  presented  before  the  New  England 
Water  Works  Association,  containing  "A  Few  Notes  on  Cast-Iron 
Pipe,"  which  led  to  his  appointment  as  Chairman  of  the  Committee 
of  that  Society  which  drafted  the  "Standard  Specifications  for  Cast 
Iron  Pipe  and  Special  Castings."  These  specifications  have  been 
substantially  adopted  by  the  American  Water  Works  Association, 
and  are  now  coming  into  general  use.  Mr.  Coffin  also  published  a 
handbook  entitled  "Graphical  Solution  of  Hydraulic  Problems" 
which  has  won  favorable  comment,  and  has  passed  through  two 
editions. 

He  died  at  his  home  in  West  Medford,  on  November  11th,  1906, 
leaving  a  wife  and  four  sons. 

While  the  demands  of  his  professional  practice  prevented  Mr. 
Coffin  from  attending  the  meetings  of  this  Society  to  any  great 
extent,  he  took  a  very  active  interest  in  the  affairs  of  the  local 
societies,  and  was  widely  and  very  favorably  known  professionally 
throughout  New  England,  and  in  the  adjoining  States  and 
Provinces.  Studious  in  mind,  honest  in  conviction,  and  courteous 
in  manner,  Mr.  Coffin  won  for  himself  the  respect  and  confidence 
of  all  with  whom  he  came  in  contact.  In  his  death  the  profession 
loses  an  able  and  clear-headed  thinker;  the  community,  an  honest 
and  public-spirited  man. 

Mr.  Coffin  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  February  6th,  1895. 
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WALLACE  CLYDE  JOHNSON,  M.  Am.  Soc.  C.  E. 


Died  December  15th,  1906. 


Wallace  Cl.vcle  Johnson  was  born  in  Granville,  Massachusetts, 
on  May  21st,  1859.  He  was  a  son  of  James  W.  and  Frances  A. 
Johnson.  Mr.  Johnson  was  educated  in  the  public  schools  of  his 
'  native  town,  and  in  the  years  1880-82  attended  Williams  College. 
In  1884  he  was  graduated  from  the  Worcester  Polytechnic  Institute, 
and  in  the  same  year  he  accepted  a  position  with  the  Holyoke  Water 
Power  Company,  of  Holyoke,  Massachusetts,  as  Assistant  Engineer. 
While  occuping  this  position,  his  ability,  energy  and  engineering 
skill  commanded  attention.  When  Clemens  Herschel,  M.  Am.  Soc. 
C.  E.,  of  Holyoke,  was  requested  to  recommend  an  engineer  to  take 
charge  of  the  development  of  the  Niagara  Falls  Hydraulic  Power 
and  Maniifacturing  Company,  at  Niagara  Falls,  New  York.  Wal- 
lace C.  Johnson  was  the  man  recommended. 

This  was  in  1886,  and  it  requires  but  a  casual  review  of  the 
hydro-electric  conditions  in  the  United  States  to  iinderstand  fully 
what  this  recommendation  meant.  The  period  since  then  has 
been  one  of  truly  wonderful  accomplishments  in  the  hydro-electric 
development  of  the  world. 

Mr.  Johnson  remained  Chief  Engineer  of  the  Niagara  Falls 
Hydraulic  Power  and  Manufacturing  Company  imtil  1900,  at  which 
time  he  became  the  Consulting  Engineer,  which  position  he  held 
until  his  death.  While  he  was  Chief  Engineer  of  that  company  he 
designed  and  had  executed,  under  his  supervision,  the  hydro-elec- 
tric development  of  this  Company  on  the  banks  of  the  Lower 
Niagara  River,  this  being  the  pioneer  hydro-electric  development 
of  the  country,  using  turbines  under  a  head  of  more  than  200  ft. 
This  plant,  as  well  as  many  others  which  he  designed,  will  stand 
as  monuments  to  his  memory. 

In  1900  Mr.  Johnson  accepted  the  position  of  Chief  Engineer 
of  the  Shawinigan  Water  and  Power  Company.  He  designed  their 
plant  at  Shawinigan  Falls,  Quebec,  Canada,  which  is  the  largest 
water-power  development  in  the  Dominion.  The  water-wheels  used 
in  this  plant  were,  at  the  time  of  their  installation,  the  largest  ever 
built,  and  the  transmission  line  from  Shawinigan  Falls  to  Montreal 
was  the  longest  east  of  the  Rocky  Mountains. 

On  June  11th,  1906,  Governor  Higgins  appointed  him  a  mem- 
ber of  the  State  Water  Supply  Commission,  and  the  broad  field  of 
the  Commission  was  particularly  interesting  to  a  man  of  his 
attainments. 

Mr.  Johnson's  advice  was  continually  sought  by  companies  con- 
templating water-power  development   and  by  those  desiring  to  re- 
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model  or  enlarge  plants  already  built.  Pie  made  examinations  and 
leports  on  water-power  propositions  covering  the  United  States 
from  Maine  to  California,  throughout  the  Dominion  of  Canada, 
and  in  Nicaragua. 

He  held  the  position  of  Chief  and  Consulting  Engineer  of  the 
Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company,  at 
Niagara  Falls,  New  York;  Chief  and  Consulting  Engineer  of  the 
Shawinigan  Water  and  Power  Company,  at  Shawinigan  Falls, 
Quebec;  Chief  and  Consulting  Engineer  of  the  Bodwell  Water 
Power  Company,  at  Old  Town,  Maine;  Chief  and  Consulting  En- 
gineer of  the  Hannawa  Falls  Water  Power  Company,  St.  Lawrence 
County,  New  York;  Chief  Engineer  of  the  Empire  State  Power 
Company,  Chief  Engineer  of  the  Chicoutimi  Power  Company, 
Quebec;  and  Chief  Engineer  and  General  Manager  of  the  Albion 
Power  Company,  Albion,  New  York. 

Mr.  Johnson's  genial  disposition  and  cordial  manner  made  him 
a  great  favorite.  He  was  a  member  of  the  American  Society  of 
Mechanical  Engineers,  and  of  the  Engineers  Society  of  Western 
New  York,  of  which  society  he  was  Past-President.  He  was  also  a 
Member  of  the  Canadian  Society  of  Civil  Engineers;  and  an  Asso- 
ciate Member  of  the  American  Institute  of  Electrical  Engineers; 
and  of  the  Society  of  Arts,  London,  England.  He  was  a  member 
of  the  St.  James  Club,  of  Montreal;  the  University  Club,  of  Buf- 
falo; and  the  Tarratine  Club,  of  Bangor,  Maine. 

On  May  31st,  1893,  he  was  married  to  Miss  Eloise  Gertrude 
Murlless,  of  Holyoke,  Massachusetts,  who  survives  him. 

Mr.  Johnson  died  at  the  comparatively  early  age  of  forty-seven 
years,  but  the  work  which  he  accomplished  bears  testimony  to  the 
active  life  he  led.  He  was  constantly  and  effectively  in  the  field  of 
work,  and  his  life  was  devoted  to  his  profession.  His  services  were 
highly  valued  by  the  various  companies  with  which  he  was  con- 
nected. 

Mr.  Johnson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  5th,  1892. 


GEORGE  TATNALL,  M.  Am.  Soc.  C.  E.* 


Died  September  13th,  1906. 


George  Tatnall  was  born  in  Wilmington,  Delaware,  on  Decem- 
ber 27th,  1853.  His  father  was  Edward  Tatnall,  and  his  mother, 
Rachel  Richards  Webb ;  his  grandparents  were  Edward  Tatnall  and 
Margery  Paxson,  James  Webb  and  Lydia  Pritchett  Richards.     He 

*  Memoir  prepared  by  William  A.  Pratt,  M.  Am.  Soc.  C.  E. 
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came  of  good  old  Quaker  stock,  his  ancestors  on  both  sides  having 
been  members  of  the  Society  of  Friends,  in  England,  before  com- 
ing to  America. 

The  first  Tatnall  came  to  Wilmington  from  Leicestershire,  Eng- 
land, in  1725.  The  early  Webbs,  Pritchetts,  Lamborns,  and 
Richards  came  from  England  to  Chester  County,  Pennsylvania,  at 
various  times  between  1685  and  1700,  the  immediate  ancestors  of 
Mr.  Tatnall  subsequently  moving  to  Wilmington.  His  grand- 
father, James  Webb,  started  the  first  morocco  tannery,  and  this 
has  since  become  the  leading  industry  in  Wilmington.  He  was  a 
Member  of  the  City  Council,  and  of  the  Board  of  Education,  and 
was  an  ardent  anti-slavery  advocate. 

Mr.  Tatnall  received  his  early  education  at  the  Friends  School, 
Wilmington,  and  was  fitted  for  college  at  T.  Clarkson  Taylor's 
Academy.  In  1870-71  he  was  a  student  in  the  engineering  course, 
Cornell  University.  Leaving  college  at  the  end  of  this  session,  he 
became  a  Rodman  on  the  construction  of  the  Wilmington  and 
Western  Railroad.  During  1872,  and  part  of  1873,  he  was  Assistant 
Division  Engineer  for  ten  months  under  J.  Dutton  Steel  on  the 
Berks  County  Railroad,  and  then  Division  Engineer  on  the  same 
road  from  Maiden  Creek  to  Lenhart. 

Li  September,  1873,  he  returned  to  Cornell  University  and  in 
June.  1875,  took  the  degree  of  B.C.E.,  completing  the  four  years' 
course  in  three  years.  On  leaving  the  University  he  obtained  a 
position  with  Cofrode  and  Taylor,  of  Philadelphia,  remaining  a 
year  with  them,  bridge  drafting  and  designing  some  of  the  minor 
buildings  of  the  Philadelphia  Centennial  Exposition.  For  the 
next  year  he  was  engaged  at  the  Edgemoor  Bridge  Works  and  in 
private  practice.  From  1877  he  was  Topographer  on  Location  and 
Assistant  Engineer  on  Construction  on  the  Pittsburg  and  Lake 
Erie  Railroad,  on  the  Division  of  the  Ohio  River  Bridge  at  Beaver, 
and  the  terminal  under  the  Pittsburg,  Fort  Wayne  and  Chicago  Rail- 
road, at  Beaver  Falls,  Pennsylvania.  On  the  completion  of  this 
work  he  went  the  Mexico  as  Principal  Assistant  Engineer  for  an 
American  syndicate  to  locate  and  construct  the  Vera  Cruz,  Anton 
Lizards  and  Alvarado  Railroad.  After  a  few  months  the  American 
company  withdrew  from  the  work,  and  he  remained  as  Consulting 
Engineer  with  the  Mexican  company  until  December,  1879.  After 
engaging  in  private  practice  for  several  months,  he  was,  in  Septem- 
ber. 1880,  appointed  Assistant  Engineer  of  the  Philadelphia,  Wil- 
mington and  Baltimore  Railroad,  and,  when  the  Pennsylvania 
Railroad  acquired  this  property,  he  remained  in  the  service  of  this 
road  until  1904,  a  record  of  24  years,  during  which  time  he  was 
engaged  in  designing  and  erecting  wooden  and  iron  highway  and 
railroad   bridges,  in   preliminary   and  location   surveys,   and   in  the 
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construction  of  branch  roads,  of  third  and  fourth  track,  yards  and 
sidings,  freight  houses,  grain  elevators,  cold-storage  houses,  and 
other  heavy  buildings,  notably  the  Quaker  City  Cold  Storage  Build- 
ing, and  the  Philadelphia  Market  House. 

In  1904  he  left  the  Pennsylvania  Railroad  to  engage  in  con- 
sulting practice  in  Philadelphia,  and  in  1905  was  appointed  Prin- 
cipal Assistant  Engineer  of  the  New  York,  Westchester  and  Boston 
Railway,  locating  and  building  a  high-speed  four-track  electric 
railway  in  the  Borough  of  the  Bronx,  New  York  City,  and  in 
Westchester  County,  New  York,  which  position  he  held  at  the  time 
of  his  death. 

On  September  12th,  1900,  he  was  married  to  Catherin  Jewett 
Coolidge,  of  Wayland,  Massachusetts,  daughter  of  James  Coolidge 
and  Henrietta  A.  Saunders,  both  of  Salem,  Massachusetts.  His 
wife  and  two  sons  and  a  daughter  survive  him. 

In  1905  he  became  interested  in  a  new  explosive,  called  Ferro- 
nite,  invented  by  Pranz  Wartenberger,  with  which  the  inventor 
had  been  allowed  to  experiment  on  the  railway  with  which  Mr. 
Tatnall  was  connected.  Mr.  Tatnall,  while  visiting  his  wife's 
family,  at  Wayland,  Massachusetts,  Avas  induced  by  Wartenberger 
to  go  to  Lynn,  on  September  7th,  to  witness  a  demonstration  he 
was  to  give  some  contractors  at  a  quarry  at  that  place.  While 
Wartenberger  was  loading  a  hole,  Tatnall  thought  he  was  doing 
it  in  a  careless  manner,  and  started  to  remonstrate,  when  a  prema- 
ture explosion  occurred,  terribly  injuring  both.  His  first  thought, 
in  spite  of  his  own  suffering,  was  for  others,  and,  calling  to  the 
spectators  to  stand  back,  he  tried  to  extinguish  the  burning  clothes 
of  his  companion,  and,  on  the  arrival  of  the  ambulance,  insisted 
that  Wartenberger  should  be  attended  to  first.  They  were  both 
hurried  to  the  Lynn  Hospital,  but  Wartenberger  died  soon  after 
being  admitted. 

Mr.  Tatnall  displayed  wonderful  vitality,  recovering  from  the 
shock,  and  at  times  giving  hope  that  he  might  recover.  He  lingered 
five  days,  dying  of  hemorrhage  from  a  ruptured  artery  at  6  A.  M. 
on  September  13th,  1906.  His  wife  and  two  sisters  were  able  to 
reach  him  and  attend  his  last  hours. 

Mr.  Tatnall  possessed  all  the  sterling  qualities  of  his  Quaker 
ancestors;  he  was  of  high  personal  character,  genial  with  his  asso- 
ciates, and  devoted  to  his  family. 

He  was  an  engineer  of  ability,  painstaking  and  thorough  in  his 
work,  and  always  considerate  of  others,  and  leaves  a  host  of  friends 
who  deeply  mourn  his  untimely  death. 

He  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers  on  May  3d,  1899 ;  and  was  also  a  member  of  the  Trans- 
portation Club,  to  which  he  had  contributed  several  papers. 
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ARTHUR  PRICE  LAW,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  November  19th,  1906. 


Arthur  Price  Law,  Superintendent  of  Construction  for  the 
Holbrook,  Cabot  and  Rollins  Corporation,  died  at  his  home  in  East 
Providence,  Rhode  Island,  on  Monday,  November  19th,  1906,  of 
typhoid  fever. 

Mr.  Law  was  born  in  New  York  City  on  July  7th,  1870,  and  at- 
tended the  public  schools  and  high  school  in  Flushing,  Long  Island, 
and  was  a  graduate  from  the  full  civil  engineering  course  of  the 
International   Correspondence  Schools,  of   Scranton,   Pennsylvania. 

He  worked  as  assistant  on  Government  surveys  in  Florida,  and 
in  1893  was  engaged  by  the  New  York,  New  Haven  and  Hartford 
Railroad  Company,  on  heavy  construction,  making  a  specialty  of 
bridge  foundations.  He  stayed  with  this  company  as  Junior  and 
Senior  Assistant  Engineer  until  1900,  when  he  entered  the  service 
of  Holbrook,  Calbot  and  Rollins,  as  Superintendent  of  Construc- 
tion, in  charge  of  deep  foundations  and  substructure  work,  and  was 
in  their  employ  at  the  time  of  his  death. 

During  the  seven  years  of  his  connection  with  the  Holbrook, 
Cabot  and  Rollins  Corporation  he  had  charge  for  them  of  the 
foundations  for  a  double-track  railroad  bridge  at  Tiverton,  Rhode 
Island,  and  all  the  work  at  Bridgeport,  Connecticut,  done  by  this 
corporation.  He  started  the  work  on  the  Housatonic  River  founda- 
tions, and  then  went  to  the  Connecticut  River  and  completed  the 
work  on  the  deep  foundations  there.  Later,  he  took  up  the  matter 
of  the  foimdations  for  the  work  at  Neponset,  Massachusetts,  and 
also  for  the  bridge  across  the  Seekonk  River  at  Providence,  Rhode 
Island.  All  this  work  was  done  for  the  New  York,  New  Haven  and 
Hartford  Railroad  Company. 

His  work  was  carried  through  with  marked  ability  and  success, 
and  without  any  trouble  or  loss  either  to  the  Railroad  Company 
or  the  Holbrook,  Cabot  and  Rollins  Corporation,  and  was  done 
to  the  utmost  satisfaction  of  both  these  corporations. 

Mr.  Law  belonged  to  the  Red  Men,  and  was  elected  an  Associate 
Member  of  the  American  Society  of  Civil  Engineers  on  June  3d, 
1903. 

*  Memoir  prepared  by  J.  W.  Rollins,  Jr..  M.  Am.  Soc.  C.  E. 
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HENRY  BRIGHAM  LOOKER,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  January  3d^  1905. 


Henry  Brigham  Looker  was  born  in  Cincinnati,  Ohio,  on  April' 
loth,  1858.  He  was  the  eldest  son  of  former  Paymaster-General, 
Thomas  H.  Looker,  United  States  Navy,  and  was  of  a  family  which  i 
had  been  for  several  generations  represented  in  the  military  andl 
naval  forces  of  the  United  States,  from  the  time  of  Othniel! 
Looker,  who  served  as  private  in  Colonel  Martin's  Eegiment  of  the- 
Jersey  Line  in  1776,  and  in  other  Revolutionary  organizations  until 
1782.  Aside,  however,  from  three  years'  service  as  a  cadet  at  the- 
United  States  Military  Academy  and  six  months'  service  as  Captaim 
of  Volunteers  during  the  Spanish  War,  Major  Looker  devoted  him- 
self to  civil  engineering  and  surveying  until  his  untimely  death, 
which  was  undoubtedly  hastened  by  the  hardships  of  this  short 
military  service. 

Major  Looker  was  educated  in  part  at  the  Maryland  Agricultural 
College,  in  part  at  the  United  States  Military  Academy  at  West 
Point,  and  in  part  by  private  tutors.  Leaving  West  Point  in  1881, 
he  began  active  engineering  practice  with  a  year's  service  in  a 
subordinate  capacity  on  the  surveys  for  the  Delaware  and  Chesa- 
peake Ship  Canal,  and  for  the  Lockport  Tunnel,  and  Relocation 
Work  for  the  Lehigh  Valley  Railroad.  From  September,  1882,, 
until  June,  1887,  he  was  engaged  in  work  of  instruction  in  mathe- 
matics, surveying,  military  engineering,  and  tactics  at  the  Betts 
Military  Academy  at  Stamford,  Connecticut,  and  at  De  Veaux 
College,  Suspension  Bridge,  New  York.  In  June,  1887,  he  entered' 
the  office  of  General  Herman  K.  Viele,  Civil  and  Topographical  En- 
gineer, Washington,  D.  C,  as  Principal  Assistant  in  charge  of 
field  and  office  work  relating  to  surveys,  landscape  engineering,, 
electric  railroads,  subdividing  and  grading  suburban  land,  and  gen- 
eral municipal  practice.  In  July,  1890,  he  opened  an  office  for 
himself  as  a  civil  engineer,  working  along  these  and  similar  lines, 
and  during  the  five  succeeding  years,  in  work  of  this  nature  cover- 
ing the  entire  District  of  Columbia,  established  himself  as  one  of 
the  leading  engineers  in  private  practice  at  the  Capital.  In  March,. 
1895,  at  the  instance  of  the  leading  business  men  of  Washington, 
he  was  appointed  Assistant  Surveyor  of  the  District  of  Columbia,, 
and  in  August,  1897,  he  succeeded  Mr.  William  Forsyth  as  Sur- 
veyor, which  office  he  held  until  his  death,  except  as  noted  below. 

At  the  outbreak  of  the  Spanish  War  he  volunteered  for  service, 
and  was  appointed  Major  in  the  Brigade  of  the  National  Guard  of 
the    District    of   Columbia.      As   the   quota   of   the   United    States 

*  Memoir  prepared  by  Jay  J.  Morrow,  M.  Am.  Soc.  C.  E.,  Captain.  Corps  of  Engi- 
neers, U.  S.  Army. 
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Volunteer  troops  from  the  District  was  redviced  from  a  brigade  to 
a  regiment,  he  accepted  the  appointment  as  Captain  of  Company 
H,  which  was  detached  to  serve  as  engineers  in  General  Miles'  ex- 
pedition to  Porto  Rico.  He  resigned  his  office  of  Surveyor  of  the 
District  of  Columbia,  to  accept  this  commission,  on  July  7th,  1898. 
The  company  rendered  important  service  at  the  landing  near 
Guanica,  and  on  July  25th,  1898,  captured  the  first  Spanish  flag 
taken  in  Porto  Rico.  The  company  constructed  several  military 
bridges  in  Porto  Rico,  and,  as  part  of  a  provisional  battalion  of 
engineers,  built  the  road  leading  to  Fort  Capron.  Major  Looker 
was  temporarily  appointed  Military  Governor  over  one  of  the 
military  districts  of  Porto  Rico,  and  served  in  this  quasi-civil 
capacity  with  credit.  He  received  honorable  mention  in  reports  to 
the  "War  Department,  and  his  name  was  included  in  the  list  of 
nominations  by  the  President  for  brevets,  all  of  which  failed  of  con- 
firmation by  the  Senate.  At  the  close  of  the  war  he  was  presented 
with  a  handsome  sword,  by  the  men  of  his  command,  as  a  testi- 
monial of  their  affection  and  esteem. 

After  being  honorably  discharged  from  the  military  service  of 
the  United  States,  Major  Looker  was  reappointed  Surveyor  of  the 
District  of  Columbia  on  November  22d,  1898,  which  office  he  held 
until  his  untimely  death,  January  3d,  1905.  During  the  last  year 
of  his  life  it  became  evident  that  the  exposures  incident  to  the 
tropical  campaign  had  affected  his  health,  but  so  sudden  a  termina- 
tion was  not  anticipated,  his  death  coming  suddenly  and  resulting 
from  congestion  of  the  brain.  Upon  the  announcement  of  his 
death,  his  valuable  public  services,  his  sterling  integrity  of  charac- 
ter, and  the  noble  Christian  virtues  practiced  by  him  in  life,  were 
recognized  publicly  by  the  Commissioners  of  the  District  of 
Columbia  through  the  issuance  of  the  resolutions  herewith  quoted : 

"Whereas,  The  Commissioners  of  the  District  of  Columbia  have 
learned  with  deep  regret  of  the  death  of  Henry  B.  Jjooker,  late 
Surveyor  of  the  District  of  Columbia,  who  died  at  3 :20  a.  m., 
January  3d,  1905. 

"Resolved:  That  the  Commissioners  of  the  District  of  Colum- 
bia hereby  testify  their  appreciation  of  the  services  rendered  by 
the  deceased  during  his  incumbency  of  the  office  of  Surveyor  of 
the  District  of  Columbia,  which  extended  from  August  18th,  1897, 
to  the  day  of  his  death  without  interruption  except  between  July 
7th,  1898,  and  November  22d,  1898,  during  which  time  Mr.  Looker 
commanded  a  company  which  took  part  in  the  Spanish- American 
War.  Mr.  Looker  was  a  man  of  sterling  integrity,  and  eminently 
qualified  to  hold  the  responsible  position  which  he  occupied,  and 
his  death  is  a  loss  to  the  District  of  Columbia. 

"Resolved:  That  a  copy  of  this  resolution  be  entered  on  the 
minutes  of  the  Board  of  Commissioners,  a  copy  be  sent  to  the 
relatives  of  the  deceased,  and  copies  be  furnished  the  daily  press." 
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Major  Looker  was  married  in  1893  to  Miss  Catherine  Earle,  and 
is  survived  by  her  and  by  one  son. 

He  was  elected  an  Associate  Member  of  the  American  Society  of 
Civil  Engineers  on  May  3d,  1893. 


EDDY  ELBERT  YOUNG,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  June  1st,  1906. 


Eddy  Elbert  Young  was  born  at  Wapun,  Wisconsin,  on  January 
4th,  1865.  His  parents  were  Enoch  and  Cordelia  Young.  When 
he  was  two  years  old  his  parents  removed  to  Lowell,  Massachusetts, 
in  which  city  his  boyhood  was  passed. 

He  commenced  work  at  the  early  age  of  sixteen,  having  then 
gone  through  only  part  of  the  course  at  the  Lowell  High  School. 
After  leaving  school,  however,  he  continued  his  studies,  taking  up 
mechanical  and  architectural  drawing  in  evening  classes  for  sev- 
eral years.  Later  in  life  he  often  expressed  regret  at  leaving  school 
so  soon,  although  his  associates  considered  this  regret  as  needless, 
for,  by  his  private  study  and  his  close  and  accurate  observation, 
he  became  in  many  respects  a  man  of  culture  as  well  as  an  advanc- 
ing engineer.  At  the  time  of  his  early  death  he  had  done  much 
good  work,  and  the  indications  were  that  he  would  do  even  better. 

The  following  is  a  brief  summary  of  his  professional  career, 
but  it  is  incomplete  in  that  it  gives  no  indication  of  the  generally 
excellent  character  of  his  work. 

In  the  spring  and  summer  of  1881  Mr.  Young  was  a  Draftsman 
and  Rodman  for  the  Merrimack  Manufacturing  Company,  on  mill 
engineering.  From  May,  1883,  to  April,  1884,  he  was  a  Draftsman 
and  Rodman  with  Melvin  B.  Smith,  Civil  Engineer  and  Surveyor; 
for  the  remainder  of  1884  he  served  as  a  Draftsman  and  Transitman 
on  short  engagements  of  a  miscellaneous  character.  From  March, 
1886,  to  May,  1888,  he  served  as  Draftsman  and  Transitman  on  the 
New  York  and  New  England  Railroad,  and  from  September,  1888, 
to  March,  1889,  in  a  similar  capacity,  and  also  as  Inspector,  for  the 
Boston  and  Maine  Railroad  on  the  construction  of  the  Mystic 
Terminal  Grounds. 

During  the  summer  of  1889  Mr.  Young  was  an  assistant  with 
George  H.  Barney,  Civil  Engineer  and  Surveyor,  at  Hyde  Park, 
Massachusetts;  and  from  the  autumn  of  1889  to  the  spring  of  1890 
was  an  assistant  and  inspector  with  Percy  M.  Blake,  Civil  Engi- 
neer, on  the  construction  of  the  water-works  at  Andover,  Massa- 
chusetts.    During  the  spring  and  summer  of  1890,  under  the  late 

*  Memoir  prepared  by  Howard  A.  Carson,  M.  Am.   Soc.  C.  E. 
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Albert  F.  Noyes,  M.  Am.  Soc.  C.  E.,  City  Engineer  of  Newton, 
Massachusetts,  he  was  an  assistant  on  assessor's  maps,  drafting, 
surveying,  computing,  etc. 

In  September,  1890,  he  entered  the  service  of  the  Metropolitan 
Sewerage  Commission,  as  Draftsman  and  Transitman,  and  was  en- 
gaged in  the  office  and  on  the  surveys  and  construction  of  the 
North  Metropolitan  and  Charles  River  Systems,  including  tunnel 
work  under  compressed  air.  In  October,  1894,  he  left  the  employ 
of  the  Metropolitan  Sewerage  Commission,  and  entered  that  of  the 
Boston  Transit  Commission,  as  Assistant  Engineer,  where  he  re- 
mained until  March,  1898.  During  this  period  he  was  engaged 
on  the  construction  of  the  Boston  subways,  designs  for  ventilating 
chambers,  grading  and  sewers  for  Boston  Common,  tunnels  under 
thoroughfares,  and  pile  foundations  for  the  Public  Garden  incline. 
I'rom  April,  1898,  to  January,  1899,  he  was  Assistant  Engineer  on 
sewer  assessments  in  Boston,  and  from  February  to  April,  1899, 
Assistant  Engineer  on  designs  for  masonry  strtictures  for  the 
Boston  Elevated  Railway. 

In  June,  1899,  Mr.  Young  again  entered  the  service  of  the 
Metropolitan  Sewerage  Commission,  as  Assistant  Engineer,  and, 
until  August,  1903,  was  engaged  on  surveys  and  construction  of  the 
high-level  sewer,  involving  tunnel  work  in  earth  and  rock,  and  the 
use  of  compressed  air  in  advancing  the  headings  through  quicksand. 

In  August,  1903,  he  entered  the  employ  of  Messrs.  Jacobs  and 
Davies,  Consulting  Engineers,  as  Engineer  of  Alignment  on  the 
Hudson  Tunnel,_having  charge  of  the  triangulation,  lines,  grades, 
etc.  From  August,  1904,  until  January  31st,  1906,  he  was  in 
charge  of  drafting  for  the  O'Rourke  Engineering  Construction 
Company,  and  from  February  1st,  1906,  until  his  death  he  was 
Engineer  and  Manager  of  the  New  York  work  of  the  Healey  Sewer 
Machine  and  Construction  Company,  which  company  was  engaged 
in  land  and  subaqueous  borings  for  various  railroads,  the  New 
York  Rapid  Transit  Railroad  Commission,  and  for  the  additional 
water  supply  for  New  York  City. 

As  an  indication  that  Mr.  Young's  work  was  excellent  in 
character,  he  was  given  a  bonus  of  $500  by  his  employers,  Messrs. 
Jacobs  and  Davies,  on  the  meeting  of  the  headings  of  the  Hudson 
River  Tunnel,  for  the  alignment  of  which  he  had  been  responsible. 
In  the  letter  of  transmittal,  which  also  informed  him  of  an  increase 
in  salary,  this  bonus  was  mentioned  as  "some  appreciation"  of  the 
value  of  his  work  and  of  the  untiring  energy  with  which  he  had 
always  devoted  himself  to  the  interests  of  the  tunnel  company. 

On  February  6th,  1897,  he  was  married  to  Miss  Alice  Frances 
Carter,  of  Charlestown,  Massachusetts,  who,  with  two  children,  sur- 
vives him. 
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For  some  years  prior  to  his  death,  Mr.  Young's  physical  condi- 
tion had  been  such  as  to  call  for  a  surgical  operation  of  a  serious 
i.ature.  His  very  energy  and  ambition  here  worked  against  him, 
leading  him  to  delay  too  long  in  seeking  surgical  relief;  however, 
in  April,  1906,  he  went  to  Boston,  where,  in  a  private  hospital,  the 
necessarj^  operation  was  performed,  on  the  6th  of  that  month. 
On  April  25th  he  went  back  to  work  in  New  York,  but  two  days 
later  was  forced  to  give  up.  He  returned  to  his  home  in  Auburn- 
dale,  and  died  there  on  June  1st,  1906.  The  immediate  cause  of 
his  death  was  acute  nephritis,  but  the  original  cause  was  his  un- 
selfish devotion  to  work,  which  led  him  to  forget  himself  too  com- 
pletely.   He  was  buried  in  Lowell,  Massachusetts. 

Mr.  Young's  fondness  for  music,  his  talent  for  drawing  and 
modeling,  and  his  appreciation  of  the  beautiful  in  form  and  color, 
indicated  his  fine  taste. 

Many  will  feel  that  by  his  death  they  have  lost  a  valued  friend, 
und  the  engineering  profession  an  ambitious  member  who  was 
earnest  in  whatever  he  undertook,  doing  all  his  work  honestly, 
truthfully  and  well. 

Mr.  Young  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  January  6th,  1904. 


ALBERT  HENRY  ZELLER,  Assoc.  M.  Am.  Soc.  C.  E.^ 


Died  November  2d,  1906. 

Albert  Henry  Zeller  was  born  in  St.  Louis  on  January  20th, 
1867.  He  was  the  second  son  of  William  Zeller  and  Christine 
Haarstick-Zeller.  His  death  occurred  in  St.  Louis  on  November 
2d,  1906,  after  an  illness  of  several  months.  He  is  survived  by 
his  mother,  two  brothers,  William  F.  and  Eugene  C.  Zeller,  and 
one  sister,  Mrs.  F.  W.  Frerichs,  of  St.  Louis. 

When  he  was  three  years  old  his  parents  took  him  to  Germany 
for  a  year,  returning  to  America  in  1871.  At  this  early  age  he 
developed  a  love  for  music,  and  was  allowed  to  begin  his  studies 
on  the  violin.  In  later  years,  without  permitting  his  love  for 
music  to  encroach  upon  the  time  due  his  chosen  profession,  that 
of  Civil  Engineering,  he  devoted  many  of  his  leisure  hours  to  the 
violin,  to  his  own  enjoyment  and  that  of  a  few  chosen  friends. 

Mr.  Zeller  received  his  early  education  at  the  St.  Louis  public 
schools,  attending  the  Peabody  School  at  St.  Louis  from  1873  until 
1878,  when  he  was  sent  to  a  French  school  at  Lausanne,  Switzer- 

*  Memoir  prepareil  by  Edward  Flad,  E.  B.  Fay  and  W.  G.  Brenneke,  Members,  Am. 
Soc.  C.  E. 
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land.  He  remained  at  Lausanne  two  years,  taking  a  regular  course, 
but  devoting  considerable  time  to  the  study  of  the  French  lan- 
guage, in  which  he  became  very  proficient. 

In  1880  he  returned  to  St.  Louis  and  attended  Smith  Academy, 
and  later  Washington  University.  He  was  graduated  from  the 
former  in  1883  and  from  the  latter  in  1887,  with  the  degree  of 
Bachelor  of  Engineering. 

He  was  particularly  fond  of  mathematics,  and  was  ever  ready 
to  appjy  mathematical  solutions  to  problems  coming  under  his 
notice. 

Mr.  Zeller's  first  employment  after  graduation  was  as  Drafts- 
man and  Assistant  Engineer  on  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway,  at  St.  Louis,  where  he  remained  until  April,  1889. 
From  April,  1889,  until  May,  1891  (with  the  exception  of  the  period 
from  May  to  December,  1890,  during  which  time  he  traveled  in 
Europe),  he  was  engaged  as  Assistant  Engineer  with  the  St.  Louis 
Merchants  Bridge  Terminal  Railway,  St.  Louis,  Robert  Moore,  Past- 
President,  Am.  Soc.  C.  E.,  Chief  Engineer.  From  May,  1891,  to  No- 
vember, 1892,  he  was  employed  in  the  designing  department  of  the 
Edge  Moor  Bridge  Works,  Wilmington,  Delaware.  Frona  February 
to  May,  1893,  he  was  Principal  Assistant  Engineer  of  the  St.  Louis 
Terminal  Railway  Association,  in  charge  of  the  erection  of  the 
train-shed  at  the  new  Union  Station.  In  May,  1893,  he  was  ap-- 
pointed  Engineer  Assistant  to  the  President  of  the  Board  of  Pub- 
lic Improvements,  at  St.  Louis,  a  position  which  he  filled  for  four 
years  with  much  credit  to  himself  and  much  profit  to  the  city. 
Robert  McMath,  M.  Am.  Soc.  C.  E.,  who  was  President  of  the 
Board  of  Public  Improvements  at  the  time,  in  writing  of  Mr. 
Zeller,  states: 

"He  declined  reappointnient  for  another  term,  intending  to  go 
to  Europe  for  a  long  stay.  I  was  sorry  to  lose  him,  for  he  was 
worthy  of  confidence,  and  our  relations  were  wholly  pleasant  to 
both,  as  were  his  relations  with  all  who  came  in  contact  with  hini.'' 

Resigning  from  the  service  of  the  city  in  1897,  he  went  abroad 
for  two  years;  on  his  return,  he  opened  an  office  at  St.  Louis  for 
the  general  practice  of  his  profession,  at  which  work  he  was  en- 
gaged at  the  time  of  his  death. 

For  some  years  past,  however,  he  had  devoted  much  of  his 
time  to  managing  the  estate  of  his  family;  and,  though  he  kept 
abreast  of  the  time  in  his  profession,  and  was  well  posted  on  the 
engineering  problems  of  the  day,  he  did  not  engage  in  extensive 
practice. 

Mr.  Zeller  had  traveled  much,  having  visited  Etirope  five  times. 
He  was  a  man  of  broad  mind  and  sound  judgment,  and  without 
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guile  or  deceit.  To  know  him  was  to  admire  him.  Justice  and 
truth  and  gentleness  were  embodied  in  his  every  act  and  thought. 
His  friends  thought  of  him  as  one  on  whom  they  could  depend 
for  assistance  in  every  good  cause,  and,  if  need  be,  for  such 
sacrifices  as  friendship  calls  for. 

In  his  untimely  death  the  engineering  profession  has  lost  a 
member  whose  life  could  ill  be  spared.  The  community  in  which  he 
lived,  and  the  associates  who  enjoyed  his  friendship  will  remember 
him  and  continue  to  feel  the  influence  of  his  thought  and  his  life, 
and  he  will  not  have  lived  in  vain. 

It  seems  but  proper  to  add  the  following  testimonial  by  Mr.  Wil- 
liam Chauvenet : 

"How  pleasant  it  is — after  all — to  speak  of  one  whose  memory 
must  ever  be  a  sweet  one  and  whose  life  as  we  recall  it  will  ever 
help  to  make  us  better  men. 

"It  was  his  gentleness  in  all  his  relationships,  and  his  justice  in 
all  dealings  with  men,  that  most  impressed  me.  He  was  strong  to 
see  the  right  and  fitting  thing  to  be  done  in  any  emergency,  and 
his  clear  vision  was  ever  helpful  to  his  friends. 

"His  command  of  himself  in  all  positions,  and  the  absence  of 
any  tinge  of  severity  in  the  exhibition  of  such  command,  was  one 
of  his  most  noted  characteristics. 

"Ever  considerate  of  others,  he  nevertheless  made  you  feel  that 
he  was  somehow  under  obligations  to  the  one  he  was  helping,  and 
this  mark  of  the  true  gentleman  was  one  of  his  charms  as  a  com- 
panion and  as  a  friend. 

"Of  his  own  fortunes,  whether  good  or  bad,  he  never  spoke, 
while  his  ever-active  interest  in  the  good  fortunes  of  others,  and 
his  sure  ssrmpathy  in  times  of  loss,  made  him  one  whom  we 
naturally  soiaght  out  whenever  the  clouds  hung  low. 

"Assuming  nothing,  yet  was  his  jvidgment  sound,  and  in  all 
his  relationships  with  men,  and  especially  with  his  comrades,  noth- 
ing could  disturb  his  sweetness. 

"I  know  I  am  naming  the  characteristics  of  a  rare  man,  and 
one  more  associated  with  the  'old  school'  than  with  our  aggressive 
and  imconventional  times,  yet  such  was  my  friend  and  dear  com- 
panion. 

"He  is  to  me  alive  and  often  present  in  our  midst,  because 
his  qualities  partook  of  those  things  which  do  not  die,  but  live  on, 
safe  within  the  hearts  of  those  who  had  learned  to  love  him  while 
here." 

He  was  a  member  of  the  Engineers'  Club  of  St.  Louis,  the 
University  Club,  and  St.  Louis  Eield  Club.  He  was  elected  a 
Junior  of  the  American  Society  of  Civil  Engineers  on  May  Yth, 
1890,  and  an  Associate  Member  on  April  Yth,  1897. 
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BENNO  ROHNERT,  Jun.,  Am.  Soc.  C.  E* 


Died  September  1st,  1906. 


Benno  Rohnert  was  born  at  Detroit,  Michigan,  on  September 
10th,  1866,  and  died,  at  North  Bay,  Ontario,  on  September  1st,  1906. 

He  received  his  education  in  the  public  schools  of  Detroit  and 
in  the  University  of  Michigan,  being  graduated  from  the  Detroit 
High  School  in  1883,  and  from  the  Civil  Engineering  Department 
of  the  University  of  Michigan  in  1887.  While  at  the  University, 
he  was  one  of  the  leaders  in  his  class,  and  during  his  senior  year 
he  was  Managing  Editor  of  The  Chronicle,  one  of  the  University 
publications. 

Erom  1887  to  1889,  Mr.  Rohnert  was  Assistant  to  E.  Collingwood, 
M.  Am.  Soc.  C.  E.,  in  the  construction  of  the  Dry  Dock  at  New- 
port News,  Virginia.  In  1889,  he  was  appointed  by  General  O.  M. 
Poe,  Corps  of  Engineers,  U.  S.  A.,  as  Assistant  to  E.  S.  'Wheeler, 
M.  Am.  Soc.  C.  E.,  on  the  public  work  of  improvement  in  St. 
Marys  River,  and  for  fifteen  years  he  was  identified  with  this  work 
in  various  positions  of  responsibility.  He  did  all  the  instrument 
work  connected  with  the  construction  of  the  Poe  Lock,  at  Sault 
Ste.  Marie,  Michigan ;  and  later,  as  Assistant  to  Joseph  Ripley,  M. 
Am.  Soc.  C.  E.,  he  had  responsible  charge  of  the  work  of  making 
surveys  for  the  purpose  of  channel  improvements  in  St.  Marys 
River,  covering  a  length  of  channel  of  about  50  miles  and  involving 
the  expenditure  of  from  $6  000  000  to  $8  000  000.  A  part  of  his 
duty,  as  Assistant  to  Mr.  Ripley,  was  the  making  of  all  surveys, 
measurements,  and  estimates  leading  up  to  the  improvement  of  the 
West  Neebish  Channel  in  St.  Marys  River,  now  under  construction 
at  a  cost  of  about  $4  500  000.  Since  1904,  he  was  engaged  in  private 
practice  until  his  sudden  death  by  apoplexy. 

Mr.  Rohnert  was  an  active  member  of  the  Masonic  fraternity 
and  a  Knight  Templar.  Among  his  associates,  both  business  and 
social,  he  was  known  for  his  honesty  and  stanch  integrity;  and 
he  held  his  friends  by  his  genial,  broad-minded,  and  tolerant  dis- 
position. He  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  April  3d,  1889. 

*  Memoir  prepared  by  Charles  Y.  Dixon,  M.  Am.  Soc.  C.  E. 
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THE  LAWS  OF  PROPORTIONING  CONCRETE. 


By  William  B.  Fuller  and  Sanford  E.  Thompson, 
Members,  Am.  Soc.  C.  E. 

To  Be  Presented  April  17th,  1907. 

Experiments  made  by  one  of  the  authors  at  Little  Falls,  N.  J., 
in  1901,  upon  the  density  and  transverse  strength  of  concrete 
beams  mixed  in  various  proportions,  by  weight,  ranging  in  pro- 
portions from  1:0  to  1:6:10,  indicated  that  the  strength  of  con- 
crete varies  with  the  percentage  of  cement  contained  in  a  unit 
volume  of  the  set  concrete,  and  also  with  the  density  of  the  speci- 
men. With  the  same  percentage  of  cement  in  a  given  volume  of 
concrete,  the  densest  mixture,  irrespective  of  the  relative  propor- 
tions of  the  sand  and  stone,  was  in  general  the  strongest. 

The  Little  Falls  tests  further  indicated  that  for  the  materials 
used  there  was  a  certain  mixture  of  sizes  of  grains  of  the  aggre- 
gate which,  with  a  given  percentage,  by  weight,  of  cement,  to  the 
total  aggregate,  gave  the  highest  breaking  strength.  In  practice, 
also,  it  was  found  that  the  concrete  made  with  this  mixture  worked 
most  smoothly  in  placing.  The  mixture  of  sizes  of  particles  of 
aggregate  which  appeared  to  give  the  best  results  gave  for  its  me- 
chanical analysis  a  curve  approaching  a  parabola,  with  its  begin- 

NoTE. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 


Papers.]  LAWS  OF  PROPORTIONING  CONCRETE  223 

ning  at  zero  of  co-ordinates,  and  passing  through  the  intersection 
of  the  curve  of  the  coarsest  stone  with  the  100%  line,  that  is, 
passing  through  the  upper  end  of  the  coarsest  stone  curve. 

Graded  stone  of  the  same  maximum  diameter  and  character 
was  used  in  all  the  Little  Falls  experiments,  and  the  laws  men- 
tioned were  discovered  by  a  comparison  of  the  final  results  of  the 
tests  rather  than  by  logical  investigation. 

These  results  were  brought  to  the  attention  of  the  Aqueduct 
Commission  of  the  City  of  New  York  in  1903  by  J.  Waldo  Smith, 
M.  Am.  Soc.  C.  E.,  then  Chief  Engineer  for  the  Commission,  and 
at  his  suggestion  the  Commission  authorized  a  further  study  of 
these  and  related  matters,  the  results  of  which  study  are  here 
presented. 

The  experiments  to  be  mentioned  were  carried  on  at  Jerome 
Park  Reservoir,  in  the  Bronx  District,  where  a  large  amount  of 
concrete  constmction  was  being  done  by  contract  under  the  su- 
pervision of  the  Commission,  and  cement,  sand  and  stone  were 
readily  available.  A  large,  light  and  warm  room  was  provided  as 
a  laboratory,  and  the  necessary  apparatus  was  purchased.  Suf- 
ficient labor  and  other  assistance  was  always  obtainable  from  the 
Contractors  or  from  the  Engineering  and  Inspection  staff  on  the 
Reservoir    Construction. 

As  has  been  stated,  previous  tests  indicated  that  the  greatest 
strength  from  any  given  percentage  of  cement  was  obtained 
when  the  concrete  was  of  the  greatest  possible  density,  that  is, 
having  the  least  percentage  of  voids,  and  further,  that  the  greatest 
density  was  obtained  when  all  the  materials  were  proportioned  so 
as  to  give  a  regular  mechanical  analysis  curve  approaching  a 
parabola.  It  also„  appeared  probable  that  concrete  of  the  greatest 
density  would  be  the  least  permeable  to  water. 

With  the  foregoing  laws  established,  it  would  be  possible  to 
compare  the  values  of  different  aggregates  and  various  propor- 
tions of  the  same  aggregates  by  volumetric  tests,  the  best  mixture 
in  general  giving  the  smallest  volume  of  concrete. 

The  tests  were  accordingly  arranged  with  the  view  of  fixing 
the  limitations  of  this  theory,  to  ascertain  the  effect  of  different 
aggregates  upon  the  density,  strength  and  permeability  of  concrete, 
and  particularly  to  determine  the  exact  sizes  of  aggregate  which. 
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mixed  together  with  a  given  proportion  of  cement,  would  form  the 
best  concrete.  The  density  and  strength  of  concrete  made  up  of 
an  aggregate  of  ideal  mechanical  analysis  and  of  different  maximum 
size  was  compared  with  the  density  and  strength  of  concrete  made 
of  average  sand  and  stone  or  gravel  in  ordinary  nominal  mixtures. 

The  relative  permeability  of  concrete  with  different  aggregates 
and   different  proportions   of   cement  was   also  studied. 

It  also  became  necessary  to  study  many  related  subjects,  such 
as  the  physical  characteristics  of  different  cements,  broken  stone, 
broken-stone  screenings,  gravel  and  sand,  especially  with  reference 
to  specific  gravity,  weight,  voids,  density,  etc.  Each  material  was 
tested  by  itself  and  when  mixed  in  various  proportions  with  others. 

The  experiments  were  begun  with  a  series  of  tests  of  the  density 
of  different  mixtures  of  aggregates  and  cement,  to  study  the  laws  of 
proportioning  for  maximum  density  with  different  materials,  and 
these  density  experiments  were  followed  by  the  manufacture  of 
concrete  beams  for  comparing  the  laws  of  strength  with  the  laws 
of  density,  and  determining  the  relation  between  these  two  causes. 
As  the  compressive  strength  of  concrete  is  a  truer  measure  of 
its  quality  than  the  transverse  strength — which  in  the  case  of 
concrete  is  really  one  form  of  tension  test — two  pieces  of  each 
beam  after  being  broken  in  the  beam  machine  were  capped  with 
neat  cement  so  as  to  form  prisms,  and  these  were  tested  for  com- 
pressive strength;  a  number  of  them  were  also  tested  for  the  com- 
pressive modulus  of  elasticity.  A  selected  number  of  pieces  of 
the  broken  beams  were  also  tested  for  permeability. 

Other  secondary  experiments,  upon  the  density  of  mortars  and 
the  quantity  of  water  required  for  different  sizes  of  sand,  were  be- 
gun, and  although  not  extended  far  enough  to  reach  definite  con- 
clusions, the  results  are  of  interest  as  indicating  the  possibilities 
of  another  important  line  of  investigation.  It  was  intended  to  use 
these  results  further  as  preliminary  to  a  series  of  permeability  tests 
of  mortars  composed  of  cement  and  sand  having  grains  of  different 
size,  and  containing  admixtures  of  puzzolan  cement  and  of  hy- 
drated  lime. 

Conclusions. 

The  following  conclusions  have  been  drawn  from  the  tests. 
Many  of  them  introduce  laws  which  the   writers  believe  have  not 
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hitherto  been  recognized,  and  are  opposed  in  certain  cases  to  cur- 
rent ideas.  Although  based  upon  experiments  with  but  two  aggre- 
gates, these  were  so  characteristic  as  to  make  the  various  compara- 
tive results  of  nearly  general  application. 

Unless  otherwise  designated,  the  percentage  of  cement  and  the 
relative   grading  of   the   aggregates   remain  the   same. 

1. — Stone  of  the  largest  size  makes  the  strongest  concrete  under 
both  compression  and  transverse  loading,  i.  e.,  a  graded  aggregate 
in  which  the  maximum  size  of  the  stone  is  2|  in.  in  diameter  gives 
stronger  concrete  than  a  graded  aggregate  with  1-in.  maximum  size, 
and  the  1-in.  stone  gives  a  stronger  concrete  than  ^-in.  stone.  A 
concrete  in  which  the  graded  aggregate  runs  to  1  in.  in  maximum 
size  will  require  for  equal  strength  about  one-sixth  more  cement, 
and  with  an  aggregate  running  to  4  in.  maximum  size  about  one- 
third  more  cement  than  concrete  with  an  aggregate  in  which  the 
maximum  size  is  2j  in. 

2.— The  largest  stone  makes  the  densest  concrete.  Concrete 
made  with  graded  stone  having  a  maximum  diameter  of  2^  in.  is 
noticeably  denser  than  that  with  1-in.  stone,  and  this  is  denser  than 
that  with   2-in.   stone. 

3. — Round  material  like  gravel,  under  similar  conditions,  gives 
a,  denser  concrete  than  broken  stone. 

4. — Sand  produces  a  denser  concrete  than  screenings  of  similar 
sized   grains. 

5. — A  concrete  with  an  angular  coarse  aggregate,  such  as 
broken  stone,  is  stronger  than  one  with  a  rounded  coarse  aggre- 
gate, like  gravel,  and  the  same  sand  and  cement — although  the 
rounded  aggregate  produces  greater  density — thus  indicating  a 
stronger  adhesion  of  cement  to  broken  stone  than  to  gravel.  How- 
ever, if  the  sand  is  also  angular,  like  screenings,  but  with  its 
grains  of  the  same  sizes  as  the  sand,  the  concrete  with  rounded 
coarse  and  fine  aggregate  is  the  stronger,  probably  because  of  its 
greater  density. 

6.— Aggregates  in  which  particles  have  been  specially  graded 
in  sizes  so  as  to  give,  when  water  and  cement  are  added,  an  ar- 
tificial mixture  of  greatest  density,  produce  concrete  of  higher 
strength  than  mixtures  of  cement  and  natural  materials  in  similar 
proportions.      The    average   improvement    in   strength   by    artificial 
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grading  under  the  conditions  of  the  tests  was  about  14  per  cent. 
Comparing  the  tests  of  strength  of  concrete  having  different  per- 
centages of  cement,  it  is  found  that  for  similar  strength  the  best 
artificially  graded  aggregate  would  require  about  12%  less  cement 
than  like  mixtures  of  natural  materials. 

7. — The  strength  and  density  of  concrete  is  affected  but 
slightly,  if  at  all,  by  decreasing  the  quantity  of  the  medium  size 
stone  of  the  aggregate  and  increasing  the  quantity  of  the  coarsest 
stone.  An  excess  of  stone  of  medium  size,  on  the  other  hand,  ap- 
preciably decreases  the  density  and  strength  of  the  concrete. 

8. — The  strength  and  density  of  concrete  is  affected  by  the 
variation  in  the  diameter  of  the  particles  of  sand  more  than  by 
variation  in  the  diameters  of  the  stone  particles. 

9. — An  excess  of  fine  or  of  medium  sand  decreases  the  density 
and  also  the  strength  of  the  concrete,  as  will  also  a  deficiency  of 
fine  grains  of  sand  in  a  lean  concrete. 

10. — The  substitution  of  cement  for  fine  sand  does  not  affect 
the  density  of  the  mixture,  but  increases  the  strength,  although 
in  a  slightly  smaller  ratio  than  the  increase  in  the  ratio  of  cement. 
11. — It  follows  from  the  foregoing  conclusions  that  the  correct 
proportioning  of  concrete  for  strength  consists  in  finding,  with 
any  percentage  of  cement,  a  concrete  mixture  of  maximum  density, 
and  increasing  or  decreasing  the  cement  by  substituting  it  for  the 
fine  particles  in  the  sand  or  vice  versa.^ 

12. — In  ordinary  proportioning  with  a  given  sand  and  stone 
and  a  given  percentage  of  cement,  the  densest  and  strongest 
mixture  is  attained  when  the  volume  of  the  mixture  of  sand,  ce- 
ment and  water  is  so  small  as  just  to  fill  the  voids  in  the  stone.  In 
other  words,  in  practical  construction,  use  as  small  a  proportion  of 
sand  and  as  large  a  proportion  of  stone  as  is  possible  without  pro- 
ducing visible  voids  in  the  concrete. 

13. — The  best  mixture  of  cement  and  aggregate  has  a  mechani- 
cal analysis  curvef  resembling  a  parabola,  which  is  a  combina- 
tion of  a  curve  approaching  an  ellipse  for  the  sand  portion  and 
a  tangent  straight  line  for  the  stone  portion.  The  ellipse  runs  to 
a  diameter  of  one-tenth  of  the  diameter  of  the  maximum  size  of 
stone,  and  the  stone  from  this  point  is  uniformly  graded, 

*  This  very  important  law  requires  further  tests  for  conflrmation,  outside  of  the 
limits  of  the  present  tests. 

t  For  definition  of  mechanical  analysis,  see  page  228. 
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14. — The  ideal  mechanical  analysis  cnrve,  i.  e.,  the  best  curve, 
is  slightly  different  for  different  materials.  Cowe  Bay  sand  and 
gravel,  for  example,  pack  closer  than  Jerome  Park  stone  and  screen- 
ings, and  therefore  require  less  of  the  size  of  grain  which  the 
writers  designate  as  sand. 

15. — The  form  of  the  best  analysis  curve  for  any  given  material 
is  nearly  the  same  for  all  sizes  of  stone,  that  is,  the  curve  for  i-in., 
1-in.,  and  2^-in.  maximum  stone  may  be  described  by  an  equation 
with  the  maximum  diameter  as  the  only  variable.  In  other  words, 
suppose  a  diagram  in  which  the  left  ordinate  is  zero,  and  the  ex- 
treme right  ordinate  corresponds  to  2:i-in.  stone,  with  the  best  curve 
for  this  stone  drawn  upon  it.  If,  now,  on  this  diagram  the  vertical 
scale  remains  the  same,  but  the  horizontal  scale  is,,  increased  two 
and  a  quarter  times,  so  that  the  diameter  of  1-in.  stone  corresponds 
to  the  extreme  right-hand  ordinate,  the  best  curve  for  the  1-in.  stone 
will  be  very  nearly  the  one  already  drawn  for  the  2^-in.  stone.  The 
chief  difference  between  the  two  is  that  the  larger  size  of  stone  re- 
quires a  slightly  higher  curve  in  the  fine  sand  portion. 

16. — It  follows  from  this  last  conclusion  that,  from  a  scientific 
standpoint,  the  term  "sand"  is  a  relative  one.  With  2i-in.  stone, 
the  best  sand  would  range  in  size  from  0  to  0.22  in.  in  diameter, 
while  the  best  sand  for  ^--in.  stone  would  range  in  size  from  0  to 
0.05  in.  in  diameter. 

17. — The  permeability  or  flow  of  water  through  concrete  is  less 
as  the  percentage  of  cement  is  increased,  and  in  very  much  larger 
inverse  ratio. 

18. — The  permeability  is  less  as  the  maximum  size  of  the  stone 
is  greater.  Concrete  with  maximum  size  stone  of  2:|-in.  diameter 
is,  in  general,  less  permeable  than  that  with  1-in.  maximum  diam- 
eter stone,  and  this  is  less  permeable  than  that  with  i-in.  stone. 

19. — Concrete  of  cement,  sand  and  gravel  is  less  permeable  than 
concrete  of  cement,  screenings  and  broken  stone;  that  is,  for  equal 
permeability,  a  slightly  smaller  quantity  of  cement  is  required  with 
rounded  aggregates  like  gravel  than  with  sharp  aggregates  like 
broken  stone. 

20. — Concrete  of  mixed  broken  stone,  sand  and  cement  is  more 
permeable  than  concrete  of  gravel,  sand  and  cement,  and  less  per- 
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meable  than  similar  concrete  of  broken  stone,  screenings  and  ce- 
ment; that  is,  for  water-tightness,  less  cement  is  required  with 
rounded  sand  and  gravel  than  with  broken  stone  and  screenings. 
21. — The  permeability  decreases  materially  with  age;  increases 
nearly  uniformly  with  the  increase  in  pressure;  and  increases  as 
the  thickness  of  the  concrete  decreases,  but  in  a  much  larger  in- 
verse ratio. 

Mechanical   Analysis.* 

Mechanical  analysis  consists  in  separating  the  particles  or 
grains  of  a  sample  of  any  material — such  as  broken  stone,  gravel, 
sand  or  cement — into  the  various  sizes  of  which  it  is  comjjosed,  so 
that  the  material  may  be  represented  by  a  curve,  each  ordinate  of 
which  is  the  percentage  of  the  weight  of  the  total  sample  which 
passes  a  sieve  having  holes  of  a  diameter  represented  by  the  dis- 
tance of  this  ordinate  from  the  origin  in  the  diagram. 

The  objects  of  mechanical  analysis  cur\^es,  as  applied  to  con- 
crete  aggregates,  are: 

(1)  To  show  graphically  the  sizes  and  relative  sizes   of  the 

particles ; 

(2)  To  indicate  what  sized  particles  are  needed  to  make  the 

aggregate  more  nearly  perfect  and  so  enable  the  en- 
gineer to  improve  it  by  the  addition  or  substitution 
of   another   material;    and 

(3)  To   afford   means   for   determining   the   best   proportions 

of  different  aggregates. 

Materials. 

Cement. — Portland  cement  from  the  regular  shipments  to  the 
reservoir  was  used  in  all  except  a  few  comparative  tests  of  different 
brands.  This  cement  had  been  tested  in  the  regular  fashion  for 
reservoir  work,  and,  in  addition,  every  bag  which  was  used  in  the 
later  experiments  was  subjected  to  the  purity  test.  It  was  found 
that  the  cement  used  in  the  1904  beams,  which  did  not  set  up  satis- 
factorily, failed  to  pass  this  test,  while  all  the  cement  passing  this 
test  appeared  to  be  satisfactory  from  a  chemical  standpoint. 

*  A  description  of  the  metihods  and  apparatus  for mechaak^al  analysis,  and  for  plot- 
ing  the  curves,  may  be  found  'n  the  chapter  bv  Mr.  Fuller  on  proportioning  concrete,  in 
Taylor  and  Thompson's  "Concrete,  Plain  and  Reinforced."' 
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Furitii  Test. — The  purity  test  is  as  follows: 

Provide  a  glass-stoppered  bottle  of  muriatic  acid,  two  shallow 
wdiite  bowls  or  two  J-in.  by  6-in.  test  tubes,  a  glass  rod,  and  a  pair 
of  rubber  gloves.  Put  in  a  bowl  or  a  tube  as  much  cement  as  can 
be  taken  on  a  nickel  5-eent  piece;  moisten  it  with  half  a  teaspoon- 
ful  of  water;  cover  with  clear  muriatic  acid  poured  slowly  upon 
the  cement  while  stirring  it  with  the  glass  rod.  Pure  Portland  ce- 
ment will  effervesce  slightly,  give  off  some  pungent  gas,  and  grad- 
ually form  a  bright  yellow  jelly  without  any  sediment.  Powdered 
limestone  or  powdered  cement-rock  mixed  with  the  pure  cement 
will  cause  a  violent  effervescence,  the  acid  boiling  and  giving  off 
strong  fumes  until  all  the  carbonate  of  lime  has  been  consumed, 
when  the  bright  yellow  jelly  will  form.  Powdered  sand  or  quartz 
or  silica  mixed  with  cement  will  produce  no  other  effect  than  to  re- 
main undissolved  as  a  sediment  at  the  bottom  of  the  yellow  jelly. 
Reject  cement  whi^  has  either  of  these  adulterants.* 

The  results  of  tension  tests  on  a  sample  of  the  cement  used  were 
as  follows : 


Age,  in 
days. 

Age,  in  months. 

1 

r 

1 

2 

686 

3 

4 

5 

6 

Average  tensile  strength,  in  pounds 
per  square  inch 218 

556 

658 

708 

656 

738 

754 

Aggregate. — Two  classes  of  materials  were  used  for  the  aggre- 
gate: broken  stone  and  screenings  from  the  crushers  at  the  res- 
ervoir, and  Cowe  Bay  gravel  and  sand  dredged  from  the  river. 

The  stone  as  it  came  from  the  crushers  at  Jerome  Park  was 
run  through  revolving  screens  to  remove  stones  of  greater  diam- 
eter than  2  in.,  which  were  not  permitted  in  the  reservoir  lin- 
ing, and  to  separate  the  screenings,  which  were  measured  separately 
from  the  broken  stone  in  proportioning  the  concrete. 

The  1904  beams  were  made  with  material  as  it  came  from  the 
crusher  screens,  this  series  being  for  approximate  comparison  of 
the  strength  of  different  proportions,  while  the  density  experiments 

*  Judson's  "City  Roads  and  Pavements,"  1903. 
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were  in  progress.  The  density  tests  were  a  necessary  preliminary 
to  the  more  scientific  mixtures  made  in  1905. 

For  the  density  tests  and  the  specimens  made  in  1905,  the  stone 
and  screenings  were  separated  in  the  laboratory  by  twenty-one 
sieves  ranging  in  size  from  3-in.  openings  to  No.  200  mesh — the 
latter  corresponding  to  an  opening  of  0.0027  in.  By  using  dif- 
ferent mixtures  of  the  sizes  separated  by  these  sieves,  it  was  pos- 
sible to  obtain  an  infinite  variety  of  proportions. 

Clmracier  of  Jerome  Park  RocTc. — The  rock  at  Jerome  Park  is 
technically  a  mica  schist,  containing  about  35%  mica,  although 
the  mica  is  in  such  a  state  that  in  concrete  or  mortar  it  does  not 
form  planes  which  affect  the  strength  seriously.  The  variation  in 
the  quality  of  the  rock  in  different  parts  of  the  reservoir  gave  some 
trouble  in  the  laboratory,  and  led  to  less  accuracy  in  the  results 
of  the  density  experiments,  and  in  forming  the  proportions  of  the 
mixtures,  than  if  the  specific  gravity  had  been  uniform.  The  most 
noticeable  difference  in  different  ledges  was  in  the  predominance 
of  quartz,  some  of  the  lots  being  lighter  in  color  than  the  others. 
Since  the  specific  gravity  of  the  minerals  in  the  native  rock  ranged 
from  2.6  to  3.2,  the  specific  gravity  of  different  lots  of  screenings 
varied  appreciably,  and  the  specific  gravity  of  different  diameters 
of  the  same  rock  also  A^aried  because  some  of  the  minerals  of  which 
the  rock  was  composed  crushed  more  readily  than  others,  and  there- 
fore certain  sizes  contained  predominating  minerals  which  de- 
termined their  specific  gravities. 

Character  of  Cowe  Bay  Materials. — The  material  from  Cowe 
Bay  is  a  water-wofn  rounded  bank  gravel  and  sand,  thoroughly 
clean,  and  consisting  almost  entirely  of  quartz  particles.  Its  spe- 
cific gravity  is  quite  uniform,  being  about  2.65. 

Mechanical  Analyses  of  Aggregates. — The  average  mechanical 
analyses  of  these  materials  are  given  in  Table  1. 

Screening  Aggregate  in  Lahoratory.- — Large  sieves,  about  2  ft. 
square,  were  used  for  screening  the  aggregate  into  the  twenty-one 
sizes.  The  sieves  rested  in  a  frame,  one  above  another,  seven  to  a 
frame,  so  that  any  one  of  them  could  be  pulled  out  like  a  drawer 
withovit  disturbing  the  others.  The  frames  rested  upon  a  pair  of 
rockers  consisting  of  2-in.  plank,  sawed  with  angles  instead  of 
rounding,  so  that  the  motion  of  the  sieves  when  rocked  by  hand 
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was  a  combined  slide  and  jar.  Spikes  were  driven  into  the  rockers 
at  the  angles  to  make  them  more  durable.  A  frame  of  sieves  and 
a  single  sieve  are  shown  in  the  background  of  the  photograph,  Fig. 
2,  Plate  Xn,  and  the  details  are  shown  in  Fig.  1. 


TABLE  1. 


Jerome  Park  Material. 

CowK  Bay  Sand  and  Stone. 
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31.6 
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10.51 

32.57 
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0.20 

1.9 
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16.7 

92.8 

5.05 

6.17 

19.13 

91.8 

0.16 

1.3 

3.1 
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3.40 
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0.10 
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1.63 
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0.19 

0.45 

1.6 

6.7 

0.36 

0.33 

0.98 

3.3 

0.0027 

0.01 

0.34 

0.8 

3.3 

0.01 

0.01 

0.04 

1.3 

This  apparatus  worked  fairly  well,  although  difficulty  was  ex- 
perienced in  getting  uniformity  of  screenings.  It  is  suggested  that 
for  future  work  some  form  of  pedometer  be  placed  upon  the  frames 
to  record  the  number  of  shakes,  which  number  should  be  definitely 
fixed  for  each  series  of  sizes.  Each  lot  of  unscreened  material  placed 
in  the  top  sieve  of  each  series  should  be  measured  so  as  not  to 
overload  the  apparatus. 

For  testing  small  samples  of  aggregate,  and  for  cement,  the 
apparatus  shown  in  Fig.  1,  Plate  XII,  was  used. 

Diameters  of  Aggregates. — The  diameters  of  particles  in  the 
tables  and  diagrams  in  this  paper  are  designated  by  the  size  of  the 
openings  in  the  sieve,  by  the  diameter  of  the  largest  particles  pass- 
ing through  it,  instead  of  by  the  commercial  number  of  the  sieve. 
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The    diameters    of    particles,    with    the    corresponding    commercial 
sieve  numbers  used  in  this  series  of  tests,  are  shown  in  Table  2. 


TABLE  2.— Sizes  of  Sieves. 
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50 

0.014 
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0.29 

15 

0.046 

74 

0.0071 

1.00 

1.00 

0.20 

0.20 

20 
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0.0058 

0.75 

0.75 

0.15 

0.16 

30 

0.020 

150 

0.0036 

0.60 

0.60 

0.10 

0.10 

40 

0.016 

200 

0.0027 

0.45 

0.48 

The  number  of  sieves  adopted  was  so  large  that  it  required  con- 
siderable time  and  labor  in  making  each  test.  In  fviture  experi- 
ments, it  may  be  possible  to  omit  a  few  of  the  sizes,  if  tests  of  the 
materials  indicate  that  this  can  be  done  without  appreciable  effect 
upon  the  result. 

Volumetric  Tests. 

Methods  and  Apparatus  for  Determining  Density. — As  a  pre- 
liminary to  the  beam  experiments,  nearly  400  trial  mixes  of  aggre- 
gates, composed  of  various  sized  particles,  following  a  logical  plan, 
and  containing  first  10%  of  cement  to  the  total  weight  of  the  dry 
materials  and  then  other  percentages  of  cement,  were  made  and 
mixed  with  water  to  the  same  medium  wet  consistency,  and  the 
resulting  volumes  thus  obtained  from  exactly  the  same  total  weight 
of  dry  materials  (corrected  for  specific  gravity)  were  compared. 
The  tests  of  density  are  termed  volumetric  tests  in  this  paper.  The 
general  procedure  (described  below)  in  making  them  is  that  adopted 
by  the  French  Commission,  in  1894,  and  the  volumes  of  material 
were  calculated  by  methods  used  by  M.  R.  Feret,  of  Boulogne-sur- 
Mer,  France,  in  his  determination  of  elementary  and  of  absolute 
volumes.  The  apparatus  used  in  these  tests  is  shown  in  Fig.  1, 
Plate  XII. 

Weighing. — All  materials  were  proportioned  by  dry  weight.  The 
stone  and  screenings  were  brought  to  the  laboratory,  and  the  screen- 
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REAR   VIEW 


SECTION   OF  SIEVE 


DETAIL  OF  FRAME  FOR  SIEVES  FOR  SCREENING 
AGGREGATES  IN   LABORATORY. 


Fig.  1. 
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ings  dried  in  large  pans  on  the  stove.  To  hasten  the  drying,  they 
were  stirred  continually,  and,  when  dry  fine  dust  freely  arose  frona 
them,  tests  indicated  that  they  contained  no  appreciable  moisture. 
Tests  showed  that  material  stored  in  the  laboratory  for  some  time 
during  the  winter  did  not  collect  enough  moisture  to  affect  the 
weights  used  in  the  experiments. 

For  weighing  the  materials,  a  Fairbanks  scale  (No.  1  288)  with 
a  compound  beam  having  seven  scales,  was  used.  The  scales  read 
to  half  pounds,  and,  with  a  wire  rider  made  in  the  laboratory,  it 
was  possible  to  read  to  hundredths  of  poimds,  although  the  accur- 
acy was  not  much  greater  than  tenths.  In  the  density  tests,  the 
materials  were  weighed  directly  in  the  mixing  pan  placed  upon  the 
platform  of  the  scales.  The  water  was  usually  weighed  in  a  16-qt. 
galvanized-iron  pail. 

Measuring. — For  measuring  the  volume  of  concrete  made  in  the 
volumetric  tests,  an  old  cast-iron  air-brake  cylinder  and  piston  was 
found  convenient.  The  cylinder  was  8-in.  in  diameter,  inside  meas- 
urement, flanged  at  both  ends,  with  a  blank  flange  bolted  to  it,  thus 
forming  a  vessel  8  in.  in  diameter  and  9  in.  deep.  This  vessel  was 
calibrated  carefully,  and  its  contents  calculated  accurately  for  each 
unit  of  depth.  After  placing  the  concrete  in  the  cylinder,  the  pis- 
ton plunger  was  pressed  down  upon  it  until  its  bottom  surface  co- 
incided exactly  with  the  surface  of  the  concrete.  The  depth  of  the 
concrete  was  then  determined,  and  from  this  depth  its  volume  was 
readily  calculated. 

A  larger  cylinder,  12  in.  in  diameter  and  18  in.  deep,  was  made 
for  volumetric  tests  of  materials  containing  large  sized  stone,  but 
comparative  tests  with  this  and  the  smaller  cylinder  showed  that 
the  densities  obtained  by  the  two  apparatus  were  so  nearly  identi- 
cal that  the  larger  one  was  not  used  to  any  great  extent. 

The  materials  were  proportioned  by  mechanical  analysis  curves, 
as  described  in  preceding  paragraphs,  and  the  weights  of  each  diam- 
eter were  scheduled  frora  these  curves.  The  mixing  pan,  which  was 
about  2  ft.  square,  and  3  in.  deep,  was  placed  upon  the  scales,  and 
any  trowels  and  rammers  or  other  apparatus  to  be  used  in  the  opera- 
tion, and  therefore  to  be  more  or  less  coated  with  cement,  were 
placed  in  the  pan,  and  the  weight  of  this  tare  recorded  on  one  of  the 
beams.     The  aggregates,  beginning  with  those  of  the  finest  diame- 
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ter,  were  then  weighed.  The  schedule  of  weights  of  the  aggregate 
was  made  up  so  that  each  weight  included  the  weight  of  all  the 
finer  aggregates.  In  this  way  the  weighing  poise  was  reset  for 
each  size  of  material,  and  the  materials  were  placed  in  the  pan, 
one  on  top  of  the  other.  The  cement  was  weighed  last,  so  as  to 
be  on  top  of  the  other  materials. 

Mixing. — The  mixing  was  done  by  two  men  working  on  opposite 
sides  with  large  trowels  and  turning  the  dry  material  until  it  was 
of  uniform  color,  in  the  same  manner  as  concrete  is  turned  by  hand. 
The  material  was  then  formed  in  a  ring,  water  was  poured  into  the 
center,  and  the  mass  was  turned  until  the  mixing  was  thorough. 
The  mixing  pan,  trowels,  shovel  (in  plan  and  elevation),  cleaner 
(in  plan  and  section),  and  rammer  are  sketched  in  Fig.  2. 

Because  of  the  variation  in  the  sizes  of  the  grains  of  the  ag- 
gregate in  the  different  volumetric  mixes,  it  was  impossible  to  se- 
lect a  definite  percentage  of  water  to  be  used  in  all  the  tests,  or  to 
select  in  advance  definite  percentages  for  each  mix.  The  mixtures, 
containing  the  largest  quantities  of  very  fine  material  reqviired  the 
largest  percentages  of  water. 

The  water,  therefore,  was  added  by  judgment  to  obtain  a  soft 
mushy  mixture  which  would  scarcely  hold  its  form  in  the  mixing 
pan,  but  which  was  not  so  fluid  that  the  mortar  would  run  away 
from  the  stones.  A  pail  of  water,  with  its  dipper,  was  first  weighed, 
as  much  water  as  required  was  added,  and  the  weight  of  the  re- 
maining quantity  was  deducted  from  the  original  weight  to  de- 
termine the  net  weight  used.  As  the  surplus  water  was  removed 
from  the  specimen  after  placing  it  in  the  cylinder,  the  quantity 
finally  given  in  the  density  sheets  represents  the  water  actually 
contained  in  the  specimen  as  it  began  to  set. 

Bamming. — The  mixed  concrete  which  had  been  previously 
weighed,  was  introduced  into  the  cylinder  and  rammed  in  2-in. 
layers.  This  frequent  ramming  was  necessary  because  of  the  small 
size  of  the  receptacle,  the  friction  on  the  sides  preventing  the  ma- 
terial from  settling  even  with  very  wet  mixtures  if  ramming  was 
delayed  until  the  entire  amount,  which  averaged  a  little  over  6  in. 
in  thickness,  was  placed.  The  rammer  which  was  found  best  was 
a  cast-iron  disk,  about  4  in.  in  diameter,  with  an  upright  handle, 
shown  in  Fig.  2. 
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A  mixture  of  the  consistency  described  above  gave  the  best 
resuhs  in  the  cylinder.  If  too  dry,  there  was  alvk'ays  a  possibility 
of  occasional  large  air  voids,  and  it  was  more  difficult  to  manipu- 
late, although  the  resulting  rammed  volume  was  about  the  same  as 
the  mushy  mix  which  was  used.     A  very  wet  mixture  did  not  work 
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TOOLS  AND  TRAY  USED  IN  VOLUMETRIC  TESTS. 

Fig.  2. 
quite  as  well  as  either  the  mushy  or  the  dry  mixtures,  the  mortal 
probably  not  being  in  a  sufficiently  plastic  condition  to   lubricate 
the  stones.    Rather  curiously,  a  very  wet  mixture  required  more  fine 
material  to  fill  the  voids  than  the  others. 

Removing    Surplus    Water. — As    the   concrete   was   rammed,   the 
surplus  mortar,  if  there  was  any,  rose  to  the  surface,  and  the  water 
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separated,  forming  a  layer  from  J  to  ^  in.  in  depth.  After  this  had 
become  clear,  it  was  removed  by  a  small  suction  pump,  the  weight 
being  deducted  from  the  weight  of  the  water  used  in  the  mix. 

Final  Weighing. — The  cylinder  containing  the  concrete  was 
weighed,  as  a  check  upon  the  weights  of  the  dry  material  and  the 
water;  the  mixing  tray,  together  with  the  tools,  was  weighed,  and 
the  quantity  of  material  adhering  to  them  was  thus  found,  being 
the  difference  between  this  weight  and  the  weight  of  the  clean  tray 
and  tools.  The  weight  of  the  portion  of  the  mix  adhering  was  intro- 
duced into  the  final  calculations,  as  described  below. 

Measurement. — After  the  surplus  water  was  removed,  care  was 
taken  to  see  that  the  surface  of  the  concrete  was  level,  with  no  pro- 
jecting stones,  and  the  cylinder  was  leveled  by  placing  it  upon  a 
tripod  consisting  of  a  board  with  three  lag  screws  for  legs.  The 
piston  was  introduced  and  pressed  firmly  down,  but  not  with  suffi- 
cient force  to  disturb  the  mortar  on  top  and  thus  force  it  up  between 
the  piston  and  the  side  of  the  cylinder.  The  wooden  yoke  was 
placed  in  position,  and  the  depth  of  the  concrete  in  the  cylinder  was 
measured  by  taking  the  height  from  the  top  of  the  yoke  to  a  mark 
on  the  piston.  The  cylinder,  piston,  yoke,  scale  and  magnifying 
glass  are  shown  in  Fig.  3.  The  test  was  now  complete  and  ready 
for  computation,  the  records  having  been  entered  upon  the  blank 
form.  Table  3.  The  concrete  was  thrown  away,  and  the  tools  were 
cleaned,  ready  for  the  next  experiment. 

Eecording  and  Computing  Data.— The  form  for  recording  the 
data  in  the  volumetric  tests  of  concrete — Table  3 — is  given  with  a 
typical  test  of  Cowe  Bay  material  recorded  upon  it,  the  observed 
and  calculated  figures  being  in  italics.  It  is  arranged  so  that  all 
the  weights  may  be  entered  in  the  laboratory,  and  the  column  of  items 
also  gives  the  constants  to  be  used  in  calculation  and  the  method 
of  combining  the  various  items  so  that  the  calculation  of  each  sheet 
may  be  made  by  rote  by  an  unskilled  computer.  The  experiments 
in  each  class  were  numbered  consecutively,  for  convenience  in  ref- 
erence. The  items  recorded  in  the  laboratory  were  the  weights,  and 
the  depths  of  the  piston  in  the  cylinder — Items  1  to  17,  24,  and  34 
to  40.  The  figures  following  many  of  the  items  refer  to  the  num- 
bers of  other  items;  the  fraction  following  Item  19  represents,  for 
example,   the  portion   of  the  mix   adhering  to   the  tray  and   tools 
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which  is  water.     The  assumption  is  made — the  fact  having  been 

determined  by  experiment — that  the  mortar  sticking  to  the  tray 

and  tools  consists  of  cement  and  particles  of  aggregate  finer  than 

diameter  0.0071,  and  water.    The  weight  of  the  water  in  this  mortar 

which  adheres  may  be  found  from  the  proportion : 

Mix  adhering:  total  fine  mortar  =  water  in  mix  adhering:  total 

water.     Expressed  in  item  numbers,  this  becomes : 

Item  14  ^ ,  , 

Item  19  =  Yz I    y. a    I    J. T77  X  Item  10. 

Item  o  +  Item  6  +  Item  10 

The  net  water  contained  in  the  concrete  is  thus  Item  20,  which 
equals  Item  10 — (Item  17  +  Item  19). 

The  absolute  volumes,  Items  30  to  32,  which  represent  the  total 
volume  of  the  liquid,  or  the  volumes  of  the  grains  of  cement  or 
aggregate,  are  the  net  volumes  per  cubic  foot  divided  by  the  spe- 
cific gravity  of  each  of  the  materials.  These  absolute  volumes  rep- 
resent simply  the-  ratios  of  the  actual  volumes  of  each  ingredient 
to  the  total  volume  of  the  concrete,  and  are  the  figures  by  which 
the   different   mixes   are   compared. 

Proportioning  the  Ingredients  for  Maximum  Density. 

The  volumetric  tests  of  concrete  were  begun  in  1904.  In  the 
first  place,  it  was  the  aim  to  determine,  for  the  various  materials 
under  consideration,  artificial  mixtures  of  aggregates,  of  diameters 
graded  by  methods  of  mechanical  analysis  already  described,  which 
would  give  concrete  of  maximum  density.  These  ideal  mixes  hav- 
ing been  determined,  the  concrete  made  from  them  could  be  com- 
pared with  respect  to  density,  strength  and  permeability,  with  con- 
crete made  from  simple  mixtures  of  natural  materials,  and  thus 
the  best  proportions  to  use  with  different  materials  upon  actual 
construction  work  could  be  fixed. 

Most  of  the  experiments  were  made  upon  the  same  proportions 
of  total  aggregate  to  cement.  The  tests  with  Jerome  Park  stone 
and  screenings  for  the  most  part  were  with  10%,  by  weight,  of  ce- 
ment to  the  total  dry  materials.  The  tests  with  Cowe  Bay  sand 
and  gravel  were  with  similar  proportions,  except  for  a  slight  cor- 
rection for  the  difference  in  specific  gravity  in  order  that  the 
ratios  of  absolute  volumes  might  be  the  same.  In  the  earlier  tests, 
mechanical  analysis  mixtures  were  made  to  definite  curves,  such 
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as  parabolas  and  straight  lines  and  curves  intermediate  between 
these,  in  order  to  select  the  curve  giving  the  maximum  density.  In 
the  later  tests,  in  the  wintei"  of  1904-05,  the  methods  were  changed 
slightly,  and  the  best  results  were  obtained  by  making  mixtures  on 
trial  curves  without  reference  to  their  mathematical  equations,  and 
then,  having  found  the  best  curves,  equations  were  fitted  to  them,  so 
that  they  could  be  more  easily  applied  to  different  materials  and 
more  readily  plotted. 

All  the  earlier  density  specimens  were  found  to  be  inferior  to 
the  tests  made  at  Little  Falls.  Subsequent  results  in  the  manufac- 
ture of  the  beams  indicated  that  this  was  due  to  the  quality  of  the 
cement,  reference  to  which  has  already  been  made.  From  the 
volumetric  tests,  and  from  tests  of  the  composition  of  beams  of  neat 
cement,  it  appeared  that  the  difference  in  the  density  was  due  to  the 
cement  taking  so  much  water  in  gauging  that  the  volume  of  the 
paste  was  increased,  and  the  density  lowered.  In  the  winter  of 
1904-05  the  experiments  were  continued  with  the  cement  which  was 
then -being  furnished,  and  this  gave  satisfactory  results.  To  avoid 
duplication  of  tests,  and  reach  conclusions  as  speedily  as  possible, 
the  first  series  of  experiments,  in  the  winter  of  1904-05,  was  made 
with  one  class  of  material,  broken  stone  and  screenings  excavated 
from  Jerome  Park  Reservoir  site,  and  with  10%  of  cement,  by 
weight,  of  total  dry  material.  This  was  followed  by  tests  with 
Cowe  Bay  gravel  and  sand,  and  with  other  percentages  of  cement. 

Necessity  for  Using  Cement  in  Density  Tests.— T\\e  necessity 
may  be  questioned  for  using  cement  in  the  tests  for  density,  which 
were  really  for  the  purpose  of  determining  the  best  proportions  of 
the  various  sizes  of  particles  of  the  aggregate.  Why  would  it  not 
have  been  simpler  to  use  only  the  dry  aggregate  with  no  cement  or 
water,  and  thus  more  readily  obtain  the  mixtures  which  would  give 
the  least  volume  with  the  same  weight? 

As  a  matter  of  fact,  both  theory  and  experiment  prove  that  the 
mixtures  of  aggregate  which  give  the  greatest  density  when  dry  do 
not  necessarily  give  the  greatest  density  when  mixed  with  the  ce- 
ment and  water.  The  cement  and  water  actually  occupy  space  in 
the  mass,  as  many  of  the  voids  are  too  small  for  the  grains  of  ce- 
ment to  fit  into  them  without  expanding  the  volume,  and  the  water 
surrounds  the  grains  of  fine  sand  and  cement,  and  actiiallv  increases 
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the  bulk.  As  an  illustration  of  this,  the  weight  per  cubic  foot  of 
very  fine  sand  when  loose,  if  weighed  absolutely,  dry,  is  very  nearly 
the  same  as  the  weight  per  cubic  foot  of  a  very  coarse  sand  weighed 
dry.  However,  if  the  two  sands  are  mixed  with  cement  and  water, 
the  resulting  mortar  made  with  the  fine  sand  will  occupy  a  bulk 
perhaps  20%  greater  than  the  mortar  of  coarse  sand,  even  when 
each  of  them  is  mixed  with  the  cement  in  the  same  proportion  by 
weight  or  by  absolutely  dry  volume.  The  density  of  the  mortar  of 
fine  sand  will  be  correspondingly  less  than  the  mortar  of  coarse 
sand.  Furthermore,  the  proportion  of  cement  to  sand  affects  the 
relative  bulk  and  density  of  the  two  mortars,  1  :  1  mixtures  giving 
different  comparative  results   from   1  :  4  mortars. 

If  fine  aggregate,  having  grains  of  the  same  size  as  cement  par- 
ticles, were  used,  the  aggregate  could  have  been  mixed  with  water 
without  using  any  cement,  and  the  resulting  density  would  probably 
have  been  the  same  as  where  real  cement  replaced  the  fine  aggregate. 
However,  this  fine  aggregate  is  more  costly  than  cement  because  of 
the  labor  required  to  screen  it.  Moreover,  the  conditions  would 
not  have  been  so  practical  as  where  cement  itself  is  used. 

Density  Tests  with  2i-in.  Jerome  Parle  Stone. — In  all  these  tests, 
the  cement  was  included  in  the  mechanical  analysis  curve.  This 
was  in  accordance  with  the  assumption,  which  was  afterward  proved 
to  be  correct,  that  the  grains  of  cement  acted  similarly  to  grains  of 
sand  of  similar  size  as  far  as  the  density  was  concerned.  A  trial 
mechanical  analysis  curve  was  drawn,  based  on  previous  tests,  and  a 
volumetric  test  was  made  to  determine  the  density.  The  curve  was 
then  altered  in  various  ways  by  raising  and  lowering  it  at  different 
diameters  of  stone,  and  volumetric  tests  were  made  with  each  ex- 
perimental curve.  By  this  means  the  general  principles  of  the 
density  of  mixtures  of  Jerome  Park  broken  stone  and  screenings 
with  10%  Giant  Portland  cement  were  studied. 

The  curve  which  gave  the  best  result  when  using  a  graded  coarse 
aggregate  with  the  cement  was  found  to  be  one  resembling  a  par- 
abola in  appearance,  but,  more  strictly,  consisting  of  a  curve  having 
for  the  lower  portion  the  form  of  an  ellipse,  and  above  this  a  straight 
line  running  to  100%  on  the  maximum  diameter  of  the  stone,  in  this 
case  21  in.  The  tangent  point  of  the  curve  and  straight  line  was 
at   abotit   0.2   in.   diameter.      The   curve   started   below   measurable 
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diameters  on  the  7^^  line,  indicating  that  at  least  7%  by  weight  of 
the  very  finest  diameters  of  particles  of  cement  or  sand,  or  both, 
■was  required  for  a  dense  mixture. 

In  studying  these  density  curves,  the  attention  of  the  writers 
was  called  to  experiments  by  Mr.  A.  E.  Schutte,  for  the  Warren 
Brothers  Company,  of  Boston,  on  mixtures  of  aggregate  to  be  used 
in  their  bituminous  macadam  pavement.  For  this  class  of  work, 
which  is  really  a  scientifically  graded  concrete  with  bitumen  for 
the  matrix  instead  of  cement,  Mr.  Schutte  found  the  densest  mix- 
tures, and  the  best  results  in. practice,  to  occur  when  a  large  per- 
centage, about  50%  in  fact,  of  the  aggregate  consisted  of  stone  of 
the  coarsest  diameter  and  of  uniform  size.  Density  tests,  using 
a  mixture  of  this  kind,  were  made  at  Jerome  Park  for  comparison 
with  the  tests  with  graded  coarse  stone.  The  resulting  concrete 
was  found  to  be  slightly  denser  than  the  concrete  with  a  graded 
stone.  However,  the  mixture  did  not  look  as  well  in  the  mixing  pan, 
and  while,  with  a  plastic  substance  like  bitumen,  a  thorough  mix- 
ture would  without  doubt  produce  excellent  results,  with  the  ce- 
ment there  seemed  to  be  more  of  a  tendency  of  the  stones  to  sep- 
arate from  the  mortar  than  with  the  concrete  containing  graded 
coarse  stone.  Whether  or  not  these  conclusions  would  apply  in  prac- 
tice has  not  yet  been  determined.  Tests  of  beams  made  with  the 
two  kinds  of  mixtures,  although  somewhat  erratic,  indicated  a 
scarcely  appreciable  difference  in  the  strength.  Under  some  con- 
ditions, a  stone  of  uniform  size  is  as  easy  to  obtain  as  a  graded 
stone  or  "crusher  run,"  hence  further  experiments  are  desirable  in 
order  to  compare  these  two  methods  of  mixture,  and  prove  whether, 
under  some  conditions,  the  uniform  stone  may  not  be  economical. 
The  equations  of  the  curve  which  was  selected  as  the  best  are  given 
in  succeeding  paragraphs. 

Density  Tests  with  1-in.  and  \-in.  Stone. — The  best  analysis 
curve  for  cement  and  aggregates  the  maximum  size  of  which  was 
less  than  2^  in.  was  next  studied  in  a  similar  fashion,  using,  as 
before,  10%  of  cement  to  the  weight  of  total  dry  materials.  The 
curves  for  the  smaller  stone  were  found  to  resemble  the  2^-vn..  curve, 
except  that  the  tangent  began  at  a  smaller  diameter.  This  diame- 
ter, where  the  curve  ended  and  the  straight  line  began,  was  found 
to  be  about  one-tenth  of  the  diameter  of  the  maximum  size  of  stone 
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used  in  the  mixture;  thus,  for  1-in.  stone,  the  tangent  point  was  at 
about  0.1  in.  diameter,  and  for  ^-in.  stone,  the  tangent  point  was 
at  about  0.05  in.  diameter.  This  suggested  the  possibility  of  a 
curve  for  all  sizes  of  stone  with  the  same  equation,  but  with  the 
diameter  of  the  maximum  size  as  a  function  of  one  of  the  terms. 
It  was  found  that  the  shape  of  the  curve  was  not  exactly  the  same 
for  the  different  sizes,  but  by  introducing  a  small  constant  in  the 
values  of  the  axes  of  the  ellipses,  an  equation  was  found  which 
fitted  all  the  diameters. 

Cement  versus  Fine  Sand. — The  experiments  just  described 
assume  that  as  far  as  density  is  concerned,  cement  acts  in  the  same 
way  as  sand  with  grains  of  the  same  size.  The  cement,  therefore, 
was  included  in  making  up  the  mechanical  analysis  curve.  To  prove 
this  assumption,  several  other  percentages,  ranging  from  8  to  15%, 
of  cement  to  the  weight  of  total  aggregate,  were  tried,  using  the 
best  curve  already  found  for  the  mixtures  with  10%  of  cement, 
and  the  resulting  densities  were  substantially  identical  with  the 
density  of  the  mixture  by  the  same  curve  using  10%  cement.  It 
is  evident  from  this  that  correct  proportioning  for  concretes  of  max- 
imum density,  but  of  different  strength,  consists  in  not  simply  in- 
creasing the  percentage  of  cement,  if  a  richer  mixture  is  required, 
but  in  substituting  more  cement  for  a  like  absolute  volume  of  sand 
having  grains  of  the  same  size  as  the  cement.  In  other  words,  the 
larger  the  proportion  of  cement,  the  fewer  very  fine  grains  of  sand 
are  required,  because  the  cement  takes  the  place  of  them  in  in- 
creasing the  density. 

Density  Tests  with  Coive  Bay  Material. — Tests  of  density  of  con- 
crete composed  of  cement  with  gravel  and  sand  from  Cowe  Bay 
were  made  in  a  similar  manner  to  those  of  cement  with  Jerome 
Park  stone  and  screenings.  This  investigation  is  of  interest  not 
only  with  reference  to  the  work  at  Jerome  Park,  but  to  throw  light 
on  the  mooted  question  of  the  relative  value  of  broken  stone  and 
gravel,  and  form  some  basis  for  an  economical  comparison  of  the 
two  in  any  given  locality. 

Tests  were  made  with  concrete  composed  of  straight  Cowe  Bay 
m.aterial,  that  is,  gravel  and  sand  and  cement,  and  with  concrete  of 
Jerome  Park  broken  stone,  Cowe  Bay  sand  and  cement.  The  best 
curves  for  both  of  these  combinations  were  found  to  be  similar  to 
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the  curves  for  concrete  with  straight  Jerome  Park  material,  except 
that,  because  of  their  rounded  nature,  the  particles  packed  more 
closely  together,  so  that  similar  mixtures  gave  with  the  Cowe  Bay- 
material  a  greater  density,  and  for  maximum  density  a  smaller 
quantity  of  fine  material  was  required,  the  curves  in  the  diagram 
for  Cowe  Bay  material  being  lower  on  the  ordinate  corresponding  to 
one-tenth  the  maximum  diameter  of  the  stone.  The  combination 
of  Jerome  Park  stone  and  Cowe  Bay  sand  required  more  fine  ma- 
terial than  the  Cowe  Bay  gravel  and  sand,  but  less  than  the 
Jerome  Park  stone  and  screenings. 

Ideal  Sand. — The  character  of  the  best  or  ideal  sand  does  not 
appear  to  depend  upon  the  shape  of  the  coarse  aggregate,  the  best 
sand  for  Jerome  Park  broken  stone  also  being  found  best  for  the 
Cowe  Bay  gravel  of  the  same  sized  grains,  although  less  was  re- 
quired with  the  latter.  On  the  other  hand,  the  curve  for  the 
Jerome  Park  screenings  (plus  cement)  was  slightly  different  from 
the  curve  for  Cowe  Bay  sand  (plus  cement),  showing  a  different 
arrangement  of  grains. 

Equations  of  Ideal  Mechakical  Analysis  CuR^ES  of  Density. 

Having  found  by  trial  the  curves  for  the  best  analyses  of  each 
size  and  class  of  material,  mathematical  curves  were  fitted  to  them 
for  convenience  in  plotting.  As  already  stated,  all  the  curves  for 
aggregate  plus  cement  consist  of  ellipses  with  straight  lines 
tangent  to  them.  The  curves  all  start  upon  and  are  tangent  to  the 
vertical  zero  axis  of  percentages  at  7% — that  is,  at  least  7%  of 
the  aggregate  plus  cement  is  finer  than  the  No.  200  sieve — and  run 
as  ellipses  with  axes  differing  with  the  character  of  the  materials, 
to  a  point  which  was  found  to  be  on  a  vertical  ordinate  or  diame- 
ter the  value  of  which  is  about  one-tenth  the  diameter  of  the 
maximum  particles  of  stone,  and  thence  by  a  tangent  to  the  ordi- 
nate of  maximum  diameter,  intersecting  this  on  the  100%  abscissa. 

The  general  equation  of  an  ellipse,  using  its  own  axes,  is 


y  ~  ~-  Jet-  — a-'-^. 

This  is  the  simplest  equation  to  use  for  plotting,  as  it  is  in  regular 
form,  and  only  the  values  of  a  and  Ij  (that  is,  the  major  and  minor 
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axes)    are   required.     Using   zero   co-ordinates   on   the  mechanical 
analysis  diagram,  the  equation  becomes 


{y 


")'  =  0^  (a.o-x''). 


The  values  of  a  and  h  found  for  the  different  materials,  includ- 
ing the  cement,  are  as  follows : 


Materials. 

a 

b 

Jerome  Park  stone  and  screenings 

0.035  +  0.14  Z> 
0.04    +016D 
0.04    -t-  0.16  D 

29.4  4-  2.2  D 

Cowe  Bay  gravel  and  sand 

26.4  4-  1.3  D 

Jerome  Park  stone  and  Cowe  Bay  sand 

28.5  -i-  1.3  D 

In  this  table,  D  —  the  maximum  diameter  of  the  stone,  in  inches. 

It  should  be  remembered  that  these  experiments  on  density 
were  on  small  laboratory  specimens,  thoroughly  mixed,  and  care- 
fully placed  and  compacted;  and  the  values  thus  represent  ideal 
conditions  which  must  be  modified  for  working  conditions  by  in- 
creasing the  value  of  h  and  thus  adding  more  sand.  Working 
formulas  are  given  in  Table  5. 

Beam   Tests. 

While  the  experiments  to  obtain  the  laws  of  maximum  density 
were  in  progress,  during  1904,  and  before  the  results  were  available, 
a  series  of  beams  was  made  up  with  various  proportions  of  Port- 
land cement,  Jerome  Park  screenings  and  Jerome  Park  crusher 
run  stone,  for  the  purpose  of  educating  the  men  in  handling  the 
apparatus  and  making  concrete.  In  this  way  143  beams  were  made, 
and  their  strength  and  density  determined.  The  results  are  given 
in  Table  4.  Owing  to  the  peculiarity  of  the  cement,  to  which  ref- 
erence has  already  been  made,  the  breaking  strengths  are  low,  but 
the  relative  results  agree  closely  with  those  at  Little  Falls.* 

As  soon  as  the  results  of  the  density  tests  were  available  in  1905> 
a  series  of  beams  was  made  up  according  to  definite  plans,  to  com- 
pare the  strength  of  concrete  made  with  different  materials  and 
different  proportions  of  the  various  diameters  of  particles.  Cement 
and  aggregate,  graded  by  curves  of  mechanical  analysis  which 
were  found  by  the  volumetric  tests  to  produce  concrete  of  maxi- 


*  The  results  at  Little  Falls  may  be  found  in  Taylor  and  Thompson's  "  Concrete, 
Plain  and  Reinforced,"  pp.  258-9. 
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mum  density  for  a  given  kind  of  material,  were  used  as  a  basis 
for  the  tests.  The  strengths  of  these  ideal  specimens  were  then 
compared  with  the  strengths  of  concrete  mixtures  proportioned  by 
the  artificial  mechanical  analysis  curves  which  in  the  volumetric 
tests  showed  less  density,  to  establish  the  general  law  that  with 
the  same  percentage  of  cement  the  densest  concrete  is  the  strongest; 
the  strengths  of  these  ideal  mixtures  were  compared  with  the 
strength  of  mixtures  of  natural  material  in  ordinary  proportions, 
and  also  in  the  best  possible  natural  proportions;  the  relative 
strengths  of  concretes  made  with  stone  of  different  maximum  sizes 
were  compared;  the  relative  strengths  of  concrete  made  with 
Jerome  Park  stone  and  screenings  were  compared  with  Cowe  Bay 
gravel  and  sand  and  with  Jerome  Park  stone  and  Cowe  Bay  sand; 
and  the  comparative  strengths  of  neat  cement  and  concrete  beams 
made  with  different  brands  of  cement  were  tested. 

It  was  intended  that  two  beams  should  be  made  from  each 
mixture;  each  beam  being  manufactured  separately,  however,  in 
order  that  the  exact  weights  of  materials  entering  into  it  could 
be  determined.  In  certain  cases  it  was  found  expedient  to  make 
only  one  beam  of  a  mixture,  but  the  results  with  these  specimens 
were  not  as  good,  three  transverse  breaks  and  two  compressive 
breaks  not  being  sufficient  to  give  a  fair  average  of  the  material. 
The  full  list  of  tests,  of  which  there  were  116  specimens  in  all,  are 
briefly  scheduled  as  follows: 

Straight  Jerome  Park  material,  using,  respectively,  2^-in.,  1-in. 
and  i-in.  stone,  mixed  with  screenings  and  10%  cement,  by  weight, 
to  total  dry  materials,  and  graded  to  the  best  ideal  curves  for  each 
size,  and  to  other  artificial  curves  having  more  sand  and  less  stone 
than  the  ideal. 

Straight  Jerome  Park  material,  using,  respectively,  2i-in.,  1-in. 
and  i-in.  stone,  mixed  with  screenings  and  cement  in  three  natural 
proportions— 1  :  24  :  6A,  1  :  3  :  6,  and  1  :  3J  :  54. 

Straight  Jerome  Park  material,  using  for  the  coarse  aggregate, 
stone  of  uniform  size,  2i-\v..,  1-in.  and  i-in.  diameter,  respectively, 
mixed  mth  «;creenin^s  and  10%,  by  weight,  of  cement,  this  fine  ma- 
terial being  graded  to  an  ellipse. 

Straight  Jerome  Park  material,  2i-in.  stone  and  screenings, 
mixed  to  the  best  ideal  curve  with  8,  124  and  15%  cement  to  total 
weight  of  dry  materials. 
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Straight  Cowe  Bay  material,  using,  respectively,  2i-in.,  1-in.  and 
^-in.  gravel,  mixed  with  Cowe  Bay  sand  and  10%  cement,  by  weight, 
and  graded  to  the  best  ideal  curve  for  each  size;  also,  in  natural 
proportions,  1  :  3  :  6 ;  and  also  to  a  curve  identical  with  one  of  the 
straight  Jerome  Park  curves. 

Straight  Cowe  Bay  material,  using  2|-in.  and  1-in.  stone  of  uni- 
form size,  mixed  with  Cowe  Bay  sand  and  10%,  by  weight,  and  this 
fine  material  graded  to  an  ellipse. 

Mixed  Jerome  Park  broken  stone  and  Cowe  Bay  sand,  using, 
respectively,  2^-in.,  1-in.  and  i-in.  stone,  mixed  with  Cowe  Bay 
sand,  and  10%  cement,  by  weight,  and  graded  to  the  best  ideal 
curve  for  each  size;  also,  in  natural  proportions,  1  :  3  :  6;  and  also 
t«i  a  curve  identical  with  one  of  the  straight  Jerome  Park  curves. 

Methods  of  Preparing  Materials  for  Natural  Proportions. — A 
few  mixtures  were  made  in  ordinary  proportions,  1:2^:  6i,  1:3:6, 
and  1  :  3J  :  5i,  as  scheduled  previously,  for  comparison  with  the 
ideal  proportions.  Instead  of  using  for  the  aggregates  the  natural 
materials  as  they  came  from  the  crusher,  which  varied  from  day  to 
day  because  of  the  difference  in  methods  of  handling  and  in  the 
character  of  the  stone  in  different  parts  of  the  ledge,  an  average 
mechanical  analysis  of  the  screenings  as  they  came  from  the  crusher 
was  made  by  averaging  a  number  of  analyses  of  different  lots  of 
screenings.  Average  analyses  of  Jerome  Park  broken  stone,  of  Cowe 
Bay  gravel,  and  of  Cowe  Bay  sand,  were  similarly  found.  These 
average  analyses  are  shown  in  Fig.  4.  The  analyses  of  the  two  mate- 
rials which  were  to  be  used  together  were  plotted  on  a  diagram  and 
combined  in  the  required  proportions  by  the  ordinary  method  of 
combining  mechanical  analysis  curves. 

The  weights  of  the  various-sized  particles  for  each  of  the  beams, 
which  were  graded  to  so-called  natural  mixtures,  were  obtained  from 
these  combined  curves.  This  eliminated  the  variation  in  the  mate- 
rials coming  from  the  crusher  and  from  the  dredge  on  different 
days,  and  gave  truly  average  mixtures. 

Mechanical  Analysis  Curves  Used. — All  the  mechanical  analyses 
of  the  aggregate  and  cement  which  were  used  in  the  concretes  for 
the  1905  beam  tests  are  drawn  to  scale  in  Figs.  5  to  10,  inclusive, 
and  Table  5  gives  in  full  the  equations  of  all  the  curves  of  artificial 
mixes  which  were  used.    The  curves  are  numbered,  and  correspond- 
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ing  numbers  are  placed  on  the  curves  in  the  diagrams  for  con- 
venience of  reference. 

It  was  found  by  experiment  that  more  sand  was  required  in  the 
curves  used  in  the  beam  mixtures  than  was  indicated  by  the  best 
ideal  curves  in  the  volumetric  tests  for  density.  Accordingly,  the 
curves  in  the  diagrams  are  all  uniformly  higher  than  would  be 
expected  from  the  density  experiments.  In  some  of  the  diagrams, 
a  larger  number  of  curves  were  drawn  than  would  appear  from 
the  schedule  to  be  needed.  This  was  due  to  the  fact  just  men- 
tioned. The  first  mixtures  were  made  with  curves  corresponding  to 
the  best  curves  of  the  density  tests,  and  it  was  found  necessary  to 
raise  all  of  them  about  2%  at  the  tangent  point  to  prevent  a  very 
rough  surface  to  the  beam,  which  indicated  that  there  was  not  suffi- 
cient mortar  to  fill  the  voids  in  the  stone.  In  the  table,  which 
gives  the  full  data  of  the  beam  tests,  these  specimens  are  desig- 
nated in  the  remarks.  The  results  from  them,  especially  in  the 
density  tests,  cannot  be  considered  as  entirely  reliable. 

Methods  and  Apparatus. — The  method  of  weighing  the  materials 
for  the  beams  and  mixing  them  was  similar  to  the  processes  in 
the  volumetric  tests  for  density  just  described.  The  tools  and 
various  implements  used  in  making  the  beams  are  shown  in  Fig. 
2,  Plate  XII. 

Weighing. — The  weight  of  each  diameter  of  aggregate  and  of 
cement  was  calculated  by  direct  proportion  from  the  percentage 
curve,  and  the  approximate  quantity  of  water  to  be  used  was  esti- 
mated from  the  quantity  used  in  the  volumetric  tests  made  with 
materials  of  the  same  mechanical  analysis.  The  total  quantity  of 
dry  materials  varied  appreciably  with  the  maximum  size  of  stone  and 
with  the  character  of  the  material.  The  larger  the  stone,  the  greater 
the  weight  of  material  required  for  a  beam,  because  of  the  greater 
density.  The  Cowe  Bay  material  has  lower  specific  gravity  than 
the  Jerome  Park  stone  and  screenings,  so  that  a  less  weight  was 
required  on  this  account,  but  the  density  of  the  resulting  con- 
crete was  greater,  so  that  this  nearly  balanced  the  other.  The 
quantity  for  a  mixture  with  1  :  9  proportions  by  weight  averaged 
about  220  lb.  of  aggregate  and  25  lb.  of  cement.  The  weights 
actually  used  for  each  beam  may  be  found  directly  from  the  data 
in  Table  8. 
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Percentage  by  Weight  Smaller  than  Given  Diameters 
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The  can  for  receiving  the  material,  about  18  in.  in  diameter 
and  2  ft.  deep,  was  placed  on  the  scale  and  the  tare  was  recorded 
by  the  weigher.  Beginning  with  the  finest,  two  other  men  scooped 
the  different  sizes  of  aggregates,  and  also  the  cement,  into  the  can, 
the  poise  being  slid  ahead  for  each  size. 

Mixing. — The  dry  material  was  then  dumped  upon  the  5  by  8- 
ft.  mixing  platform,  which  was  made  of  a  plate  of  sheet  iron  sur- 
rounded by  a  strip  of  wood  to  prevent  the  soft  material  from  over- 
flowing. Four  men  turned  the  dry  material  with  square-pointed 
shovels,  just  as  hand-mixed  concrete  is  turned  in  practice.  Three 
turnings  were  given,  dry.  Then  the  mixture  was  formed  into  a 
circle,  and  the  approximate  quantity  of  water  was  weighed  and 
turned  into  it.  The  material  was  then  mixed  wet  by  the  four  men,  as 
in  practice.  Three  turnings  were  given  to  it,  to  insure  a  uniform 
mix  throughout  the  beam. 

Consistency. — The  required  consistency  was  soft  and  mushy,  but 
not  wet  enough  for  the  mortar  to  run  away  from  the  stones,  scoop 
shovels  being  necessary  to  handle  the  wet  concrete.  If  the  calcu- 
lated weight  of  water  was  not  sufficient  to  give  the  required  con- 
sistency, more  was  added,  and  its  weight  recorded. 

Maries  for  Specimens. — Four  marks  were  embedded  in  each 
beam.  The  tags  consisted  of  pieces  of  brass  stamped  by  hand  by 
a  die,  with  the  number  of  the  beam  followed  by  the  letters.  A,  B,  G 
and  D,  respectively.  Each  tag  was  about  IJ  in.  long  by  ^  in.  wide, 
and  had  projections  bent  up  from  it  to  run  into  the  concrete.  They 
were  definitely  located  in  the  bottom  of  the  mould  by  measurement, 
so  as  to  lie  nearly,  but  not  quite,  in  the  center  of  each  of  the  four 
pieces  into  which  the  beam  was  finally  to  be  broken.  Each  tag  was 
placed  in  the  bottom  of  the  mould,  and  held  in  place  with  the 
blade  of  a  shovel  until  the  concrete  was  poured  around  and  on  top 
of  it.  The  tags  were  often  slightly  covered  by  thin  mortar  which 
ran  under  them,  bi;t,  being  exactly  located,  they  were  readily  found 
by  scraping  the  surface. 

Placing  in  Moulds. — The  mould  for  the  beam,  shown  in  Fig. 
11,  was  weighed,  and  the  concrete  was  shoveled  into  it,  and  placed 
and  'Slightly  compacted  with  the  aid  of  large  trowels  and  shovels. 
The  blade  of  a  shovel  was  generally  thrust  down  by  each  face  of  the 
forms   to   insure  a  smooth   surface,   although  this   was   not   found 


Papers.] 


LAWS  OF  PROPORTIONING   CONCRETE 


263 


absolutely  necessary.  The  mould  with  the  concrete  was  weighed 
to  obtain  the  weight  of  concrete  green  for  the  density  determina- 
tion, and  placed  on  one  side  to  set. 

The  quantity  of  material  reqviired  had  been  calculated  approxi- 
mately from  the  volumetric  tests.  If  any  was  left  over,  after  the 
mould  had  been  filled,  it  was  weighed,  and  the  proportion  of  this 
which  was  water  was  estimated.  As  the  proportional  amount  of 
water  may  exert  a  difference  of  2  or  3%  upon  the  calculated  den- 
sity of  the  beam,  it  is  suggested  that  in  future  tests  the  concrete 
left  over  be  carefidly  separated  from  the  excess  of  water,  so  as  to 
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SKETCH   OF   MOULD   USED   FOR   MAKING   CONCRETE   BEAMS. 
Fig.  n. 

have  about  the  same  consistency  as  the  beam,  and  then  weighed, 
while  the  water  remaining,  together  with  the  free  water  from  the 
surface  of  the  concrete  in  the  mould,  be  weighed  separately  and  re- 
corded. As  this  water  contains  some  cement  in  suspension,  its  ap- 
proximate specific  gravity  should  be  determined  by  a  test,  and  this 
specific  gravity  should  be  used  in  the  calculations  of  the  density  of 
the  beams. 

As  soon  as  the  concrete  was  hard  enough  to  handle  easily — 
usually  in  about  7  days — it  was  buried  in  moist  sand,  where  it 
remained  until  it  was  tested. 
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TABLE  6. — Form  for  Recording  Beam  Mixture. 


No.  of  Beam. 

.m 

Wt.  of  Form  No.  14  empty 

..  131. S5 

Approx.  Vol. 

of  Beam 

AMcu.ft. 
.May  31,  1905. 
.1.30  P.  M. 

"     '•       "         "     filled 

36h  00 

Date 

"     "  Beam  217 

...233.75 

Hour 

Total  Wt.  mixed 

Temp,  air  in  ceilar 

..,3SU.OO 

Cement. 

.  Oiant. 
.20. 

.33.S2 

'  Wt.  of  Mix  left  over 

...     0.00 

Total  Wt.  of  Beam      

..   233.75 

Kind 

...     1.35 

Lot  No 

Sides  of  Form  Removed 

Wt.,  lbs 

Wt.  of  Form  No.  14  filled 

...359.75 

Aggregate 

Kind 

.Cowe  Bay. 

Beams  buried— day,  hour,  days  be- 

1 3/36/Ot, 

Analysis  No. 

.  Ideal  36%  ord. 

fore  burying 

Wt.,  lbs 

Water. 

.196.68 

Loss  of  wt.  in  setting  

7 

Temp.  F 

Total  used . . . 

.5U° 

.lU.O 

Inspector, 

W.  H. 

Recording  and  Computing  Data  on  Beams. — The  method  of  re- 
cording the  data  for  mixing  is  given  in  Table  6.  The  form  is  filled 
out,  in  italics,  with  a  tyi^ical  test,  for  illustration.  When,  ready  to 
break,  after  removing  from  the  moist  sand,  measurements  were 
taken  for  the  purpose  of  calculating  the  density  and  the  modulus 
of  rupture. 

As  each  beam  was  broken  into  four  pieces,  first  in  the  middle, 
and  then  the  two  halves  broken  again,  measurements  were  taken 
at  the  half  and  quarter  points,  also  at  the  two  ends,  making  five 
sections  in  all.  At  each  section,  three  dimensions  of  depth  and 
three  of  width  were  measured,  each  reading  to  hundredths  of  inches. 
From  the  beam  mixing  data  and  the  calculated  volume  of  the 
beam,  the  weights  of  the  material  in  1  cu.  ft.  of  the  beam  and  the 
absolute  unit  volumes,  were  calculated.  The  modulus  of  rupture 
for  each  break  was  calculated  from  the  dimensions  and  the  break- 
ing   weight. 

Beam  Testing  Machine. —  The  machine  for  breaking  the  beams 
was  made  by  Riehle  Brothers,  of  Philadelphia,  and  the  method 
of  loading  it  was  improved  in  the  laboratory.  Fig.  1,  Plate  XIII, 
is  a  photograph  of  the  machine  with  a  beam  in  place  ready  to  break. 
In  order  to  avoid  the  negative  moment  due  to  overhanging  portions 
of  the  beam,  the  bearings  for  each  specimen  were  2  in.  from  each 
end  of  the  beam,  thus  giving  a  variable  length  between  supports  for 
specimens  of  different  length,  but  an  overhang  so  short  as  to  be 
.negligible  in  the  calculations.    Instead  of  using  the  poise  for  weigh- 
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Fig.  1.— iMaciiine  for  BuEAKiMi  Bkaji^ 


Fig  2.  — Apparatus  for  TtsTiNo  Permeability  of  Concrete. 
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ing  the  load  upon  the  beam,  an  attachment  was  designed,  as  shown 
in  the  top  of  the  photograph,  so  that  the  beam  was  loaded  by  drop- 
ping shot  from  a  tin  funnel  into  a  vessel  suspended  from  the  scale 
beam.  This  avoided  the  irregularities  incident  to  the  machine  as 
furnished  by  the  manufacturers. 

Compression  Tests, 

As  there  is  no  constant  relation  between  the  transverse  modu- 
lus of  rupture  of  concrete  and  the  compressive  strength  of  the  same 
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Fig.  13. 

mixture,  a  scheme  was  devised  for  obtaining  the  compressive 
strength  of  all  of  the  mixtures,  in  addition  to  the  transverse  modulus 
of  rupture.  After  breaking  the  beams  into  four  pieces,  the  two 
end  pieces  were  capped  with  neat  cement  so  as  to  form  prisms  about 
6  in,  square  and  19  in,  long.  The  method  of  capping  these  prisms 
is  illustrated  in  Fig.  12.  Two  pieces  were  capped  by  the  same  oper- 
ation.    A  piece  of  smooth,  planed,  2-in.  plank  was  laid  upon  horses. 
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and  upright  upon  this,  in  a  wooden  frame,  were  set  four  pieces  of 
i-in.  plate  glass,  each  6  by  10  in.  The  lengths  of  the  prisms  were 
gauged  by  boards,  1  by  6  by  19  in.,  placed  lengthwise  and  6  in.  apart, 
so  that  the  broken  piece  of  the  beam  fitted  between  them  with  a 
space  at  each  end  between  the  rough  ends  of  the  beam  and  the 
plate  glass.  The  pieces  of  beams  were  thoroughly  soaked  with  water 
before  beginning  the  operation.  A  plastic  paste  of  neat  cement,  as 
stiff  as  could  be  readily  handled  and  moulded,  was  next  worked  into 
the  spaces  between  the  ends  of  the  specimen  and  the  plate  glass,  and 
allowed  to  set  over  night.  When  removed  from  the  mould,  each 
prism  was  found  capped  with  neat  cement  having  a  smooth,  glossy 
surface,  and  the  two  ends  were  parallel.  These  prisms  were  sent 
to  the  Stevens  Institute  of  Technology,  at  Hoboken,  N.  J.,  and 
broken  in  the  compression  machine.  Certain  ones  were  tested  there 
for  elasticity,  also. 


Comparative    Comprehensive    Strength    of    True    Prisms    versus 
Capped  Pieces  of  Beams. 

The  question  naturally  arose  as  to  whether  the  strength  of  prisms 
capped  with  neat  cement  in  this  way  would  correspond  to  the  true 
compressive  strength  of  the  concrete.  The  neat  cement  capping, 
which  was  of  different  thickness  in  the  different  specimens,  might 
affect  the  strength,  and  the  specimens  might  be  strained  from  the 
rupture  in  the  transverse  tests.  In  order  to  compare  the  strength 
of  the  capped  pieces  with  the  true  prisms,  one  of  the  beam  mix- 
tures, consisting  of  1  :  9  concrete  with  graded  Jerome  Park  2^-in. 
aggregate,  was  used  for  making  up  four  prisms,  6  by  6  by  18  in., 
and  these  true  prisms  were  broken  at  the  same  age  as  the  capped 
pieces  of  beams  mixed  with  the  same  ingredients  and  in  like  pro- 
portions. The  results  of  this  comparison  are  shown  in  Table  7.  It 
is  noticeable  that  the  capped  prisms  gave  a  higher  average  strength 
than  the  true  prisms,  and  that  there  is  greater  variation  between 
the  different  specimens.  The  variation,  however,  is  not  great 
enough  to  affect  the  value  of  the  results  from  the  capped  pieces, 
at  least,  when  used  in  connection  with  the  values  of  transverse 
strength.  The  full  results  of  the  compressive  tests  are  given  in 
Table  8. 
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TABLE  7. 


True  Prisms. 

Capped  Pieces  of  Beams.* 

Reference 

Numbers. 

Compressive 
strength,  in 
pounds  per 
square  inch. 

Variations 
from  mean. 

Reference 
Numbers. 

Compressive 
strength,  in 
pounds  per 
square  inch. 

Variations 
from  mean . 

161 
161 
161 
162 
IGi 
162 

1  375 

1  240 
1  235 
1  330 
1  315 
1  195 

93 
42 

47 
48 
33 

87 

1.55 
155 
1.55 
157 
157 
157 

1  580 
1  450 
1  250 
1  490 
1  485 
1  305 

153 
23 

177 
63 
58 

122 

Average 

1  382 

58 

Average 

1   127 

99 

Percentage. 

4.5 

14.4 

*  The  compression  tests  in  the  other  tables  are  made  upon  the  capped  pieces  of 
beams. 

Results  of  Tests. 

Table  8  contains  a  list  of  the  1905  beam  tests,  giving  the  com- 
position, density,  transverse  strength,  and  compressive  strength 
of  the  various  mixtures. 

Inspection  of  the  quantity  of  water  in  the  beams.  Columns  13 
and  20,  shows  that  the  smaller  stone,  that  is,  the  o-in-j  requires  the 
most  water  in  gauging,  and  the  coarsest  stone,  the  2:i-in.,  the  least. 
The  Cowe  Bay  gravel  and  sand  require  less  water  than  the  broken 
stone  and  screenings. 

The  total  volume  of  voids  per  cubic  foot.  Column  24,  gives 
merely  the  complements  of  the  densities  in  Column  19.  The  voids 
in  the  cement,  Column  22,  are  based  upon  the  voids  in  the  two  neat 
beams  given  first  in  the  table,  it  being  assumed  in  the  concrete 
specimens  that  the  voids  due  to  the  cement  are  in  the  same  ratio  to 
the  weight  of  the  cement  per  cubic  foot  of  concrete  as  the  voids  in 
an  average  neat  beam  are  to  the  weight  of  cement  in  this  neat  beam. 

In  determining  the  average  strength  of  each  mixture.  Column 
29,  all  the  breaks  of  the  two  beams,  which  are  in  duplicate,  were 
averaged,  that  is,  if  one  of  a  pair  of  beams  had  only  two  breaks, 
while  the  other  had  three,  the  five  breaking  strengths  were  added  to- 
gether, and  divided  by  five,  instead  of  assuming  that  the  two  breaks 
gave  the  average  of  one  beam  and  the  three  breaks  the  average  of 
the  other.     The  method  followed  is  considered  more  accurate  than 
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the  other,  because  a  beam  which  can  be  broken  only  once  or  twice 
is  possibly  imperfect,  and  therefore  this  beam  should  not  have 
quite  so  large  a  place  in  the  average  as  the  beam  with  three  breaks. 

The  compressive  strength  of  the  concrete  prisms  made  by  cap- 
ping two  pieces  of  each  beam  are  given  at  the  right  of  each  sheet  of 
Table  8.  These  prisms  were  broken  by  Professor  Frederick  L. 
Pryor  at  the  Stevens  Institute,  and  although  the  heads  of  the  ma- 
chine were  fixed,  the  ends  of  the  specimen  were  sufliciently  parallel 
to  give  good  results,  nearly  all  the  pieces  breaking  in  a  manner  nor- 
mal to  long  prisms.  The  breaks,  as  is  usual  with  such  specimeris, 
were  more  longitudinal  than  is  the  case  with  cubes,  where  two 
pyramids  are  generally  formed  with  their  bases  against  the  heads 
of  the  machine. 

In  computing  Table  8  the  following  data  have  been  used: 

Volumes,  cubic  feet  per  100  lb.  as  mixed: 
Cement,  1.00; 

Jerome  Park  screenings   (crusher  run),  1.06; 
Jerome  Park  stone  (crusher  run),  1.03; 
Jerome   Park   screenings    and     stone   vary     with     the 

mixture ; 
Cowe  Bay   sand    (natural),   1.11; 
Cowe  Bay  gravel,  0.97. 

Specific  gravities : 

Cement,   3.10; 

Jerome  Park  screenings  vary  with   the  size; 

Jerome  Park  stone,  2.78; 

Mixture  of  Jerome  Park  screenings  and  stone,  2.77; 

Cowe  Bay  sand,  2.65; 

Cowe  Bay  gravel,  2.65. 

Weights  per  cubic   foot,   as  mixed: 
Cement,  1.00; 

Jerome   Park   screenings    (crusher    run),    94.8; 
Jerome  Park  stone,  97.0; 
Mixture  of  Jerome  Park  screenings  and  stone  varies 

with  the  mixture; 
Cowe  Bay  sand  (natural),  90.0; 
Cowe  Bay  gravel,  102.7. 
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-Complete  Llst  of  1905  Beam  Tests,  Giving  Composition,  Transterse  Strength  of  Beams,  and  Compressive  Strengkth  of  Prisms,  of  Concrete  Made  with  Different 

Graded  Aggregates,  and  Different  Proportions  of  Giant  Portland  Cement. 
Beams,  6  by  6  by  72  in.     Spans,  68  and  32  in.    Prisms,  6  by  6  by  18  in. 
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TABLE  8  {Continued). — Complete  List  of  190.j  Beam  Tests,  Giving  Composition,  Tkansvekse  Strength  of  Beams,  and  Compkessive  Stkenutu  of  Prisms  of  Concrete  Made  with 
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Column   16  =  Column   11  X  0.08  +  Column  13. 

Column  17  =  Column  13  +  (Column  25  X  62.4). 

Column  16  represents  the  theoretical  minimum,  assuming  8% 
of  water  for  chemical  combination. 

Column  17  represents  the  theoi-etical  maximum,  assuming  the 
voids  to  be  filled  with  water. 

CoMPARATi\E  Tests  op  Density  and  Strength  Forming  the  Basis 
OF  Conclusions. 

In  order  to  bring  out  more  clearly  the  comparative  relations  of 
the  beams  tested  which  have  warranted  the  conclusions  stated  at 
the  beginning  of  this  paper,  short  tables  grouping  the  essential 
facts  which  form  the  basis  of  the  conclusions  are  presented  in  the 
following  pages. 

Concrete  with  Aggregates  op  Difperent  Maximum  Size. 
Conclusions   1   and  2. 

In  Table  9  are  shown  the  averages  of  density  and  of  breaking 
tests  of  concrete  mixtures  of  cement  and  aggregates  of  different 
maximum  size.  The  figures  represent  the  averages  of  all  speci- 
mens tested,  according  to  each  character  of  mixing,  with  the  excep- 
tion of  four  specimens  omitted,  where  the  exceptionally  low  strength. 
is  due  to  voids  not  being  filled.  In  every  case  but  one  the  mixture 
vrith  2i-in.  stone  for  the  maximum  size  is  denser  than  that  with  1-in. 
stone,  and  in  every  case  but  one  the  1-in.  is  denser  than  the  ^-in. 
The  modulus  of  rupture  and  the  comj^ressive  strength  of  the  speci- 
mens with  the  three  sizes  of  stone  follow  the  same  general  order, 
the  concrete  with  coarse  stone  being  always  stronger  than  the  finer, 
except  in  one  case  where  the  1-in.  is  1%  stronger  than  the  2^-in. 

The  general  averages  are  calculated  at  the  bottom  of  the  table, 
and  also  the  ratios  of  density  and  strength,  based  on  the  2:|-in. 
material  as  unity.  Comparing  these  ratios  with  the  ratios  of  strength 
with  different  percentages  of  cernent,  as  given  in  Table  15,  it  ap- 
pears that  an  additional  amount  of  cement  to  the  extent  of  about 
one-sixth  part  with  the  maximum  aggregate  1  in.,  and  one-third 
part  with  the  niaxiiuum  aggregate  i  in.,  will  be  required  to  pro- 
duce a  concrete  equal  in  strength  to  a  concrete  having  a  maximum 
aggregate  of  21  in. 
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Concrete  with  Jerome  Park  vs.  Cowe  Bay  vs.  Mixed  Aggregates. 
Conclusions  3,  4  and  5. 

Tables  10  and  11  give  the  comparative  density  and  strength  of 
concrete  made  with  Jerome  Park  stone  and  screenings  vs.  Cowe 
Bay  gravel  and  sand  vs.  Jerome  Park  stone  and  Cowe  Bay  sand. 
The  proportions  given  are  1  :  9  and  1  :  3  :  6  by  weight.  This  is  not 
strictly  true,  because,  in  order  to  make  a  true  comparison  of  the 
different  materials,  a  correction  was  made  for  the  Cowe  Bay  mix- 
tures. Actually,  the  proportions  for  the  straight  Cowe  Bay  ma- 
terials are  1  :  8.43,  and  1  :  2.81  :  5.62,  and  the  actual  proportions 
by  weight  for  the  mixed  materials  are  1  :  8.80  and  1  :  2.92  :  5.88. 
By  making  this  correction,  the  proportions  by  absolute  volume  are 
exactly  the  same,  and,  as  it  is  this  which  affects  the  composition,  it 
is  the  proper  method  of  proportioning  in  comparative  tests.  The 
results,  accordingly,  show  the  true  relation  between  the  rounded 
gravel  and  the  broken  stone. 

The  values  in  Table  10  are  the  results  of  tests  of  concrete  com- 
posed of  the  aggregates  and  10%,  by  weight,  of  cement  graded  to  the 
best  elliptical  curve  for  each  material,  which  represents  in  general 
the  best  possible  mixture  of  each  material  with  the  given  per- 
centage of  cement.  In  general,  the  straight  Cowe  Bay  material 
produces  the  greatest  density.  This  is  undoubtedly  due  to  the 
rounded  character  of  the  grains,  and  is  in  accord  with  the  results 
of  other  experimenters.  The  mixed  Jerome  Park  stone  and  Cowe 
Bay  sand  forms  a  concrete  less  dense  than  the  straight  Cowe  Bay 
material,  but  denser  than  the  straight  Jerome  Park;  in  other  words, 
it  is  intermediate  between  the  two. 

The  breaking  strength  does  not  follow  the  same  direction  as  the 
density.  The  most  noticeable  difference  is  between  the  straight 
Cowe  Bay  and  the  mixed  Jerome  Park  stone  and  Cowe  Bay  sand. 
The  straight  Cowe  Bay  material,  although  producing  a  denser  mix- 
ture, is  not  so  strong  as  the  mixed  material  in  two  cases  out  of 
three,  even  although,  as  shown  in  Column  18  of  Table  8,  the 
amount  of  cement  in  a  cubic  foot  of  the  Cowe  Bay  concrete  is 
greater  than  in  a  like  volume  of  the  other.  An  examination  of 
the  tests  indicates  that  the  one  test  with  i-in.  stone  which  does 
not  follow  this  rule  is  the  erratic  one  rather  than  the  other  two, 
since  in  the  transverse  tests  the  difference  in  the  i-in,  specimens 
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is  only  2^^,  whereas  the  difference  in  the  tests  of  larger  (2i-in. 
and  1-in.)  stone  is  much  greater,  while  in  the  compressive  tests  the 
strength  of  the  ^-in.  specimens,  which  averages  1  610  lb.,  appears 
abnormally  large,  being,  in  fact,  greater  than  the  tests  above  it 
with  the  coarser  stone.  It  would  appear  from  this  that  broken 
stone  concrete  of  mica  schist  rock  is  stronger  than  gravel  concrete 
under  like  conditions,  and  that  this  increase  in  strength  is  due  to 
the  difference  in  the  surface  of  the  coarse  particles  of  stone.  This, 
in  general,  is  in  accordance  with  the  results  of  the  best  experiments, 
notably  those  of  E.  Candlot,  in  France,  although  it  has  been  dis- 
puted in  many  quarters. 

In  Table  11  the  mixtures  of  the  different  materials  are  in  the 
same  proportions  (corrected  for  different  specific  gravity),  and  are 
not  those  demanded  by  the  best  analyses  for  each  material.  The  re- 
sults, therefore,  are  not  apt  to  be  so  conclusive  as  those  scheduled 
in  Table  10,  but  it  will  be  seen  that  they  follow  in  general  the  same 
direction.  The  straight  Cowe  Bay  gravel  and  sand  mixture,  while 
considerably  denser  than  the  mixed  Jerome  Park  stone  and  Cowe 
Bay  sand,  is  generally  of  lower  strength  than  the  latter.  Tables 
10  and  11  both  indicate  that  a  mixture  of  Jerome  Park  stone  and 
screenings  gives  a  concrete  of  lower  density  and  lower  strength 
than  either  the  straight  Cowe  Bay  mixtures  or  the  mixed  Jerome 
Park  stone  and  Cowe  Bay  sand.  In  the  1:3:6  mixtures.  Table 
11,  this  might  be  due  in  part  to  the  fact  that  the  materials  are  not 
graded  to  the  proportions  which  are  best  for  them,  but  this  differ- 
ence is  eliminated  in  Table  10.  Further  tests  are  essential  to  de- 
termine whether  the  principles  just  stated  apply  to  other  classes  of 
broken  stone.  The  age  of  the  specimens  also  tends  to  affect  the 
relative  strength,  because,  if  the  mixture  is  rich  enough,  as  the 
concrete  becomes  older  there  is  more  and  more  tendency  in  com- 
pressive tests  for  the  stones  to  shear,  so  that  the  actual  strength 
of  the  particles  of  stone  become  more  and  more  a  function  of  the 
strength  of  the  concrete. 

The  results  from  these  experiments,  which  indicate  that  sand 
with  rounded  grains  produces  a  stronger  concrete  than  broken-stone 
screenings  in  the  same  proportions,  are  apparently  contradictory  to 
certain  tests  by  other  ex-perimenters.  These  other  results  may 
probably  be  accounted  for  either  by  the  difference  in  the  relative 
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sizes  of  the  sand  and  the  screenings,  or  else  by  the  possibility  that 
in  some  cases  the  chemical  composition  of  the  screenings  is  such 
that  the  fine  particles  form  a  chemical  combination  with  the 
cement. 

Concrete  with  Aggregate  Graded  by  Ideal  Mechanical  Analy- 
sis Curves  vs.  Mixtures  of  Natural  Materials 
IN  Ordinary  Proportions. 

Conclusion  6. 

Table  12  compares  the  density  and  strength  of  concrete  graded 
by  ideal  mechanical  analysis  curves  with  the  density  and  strength 
of  natural  proportions.  The  tests  of  graded  mixtures  in  nearly 
every  case  are  higher  than  the  natural  proportions.  Greater  dif- 
ferences would  have  appeared  if  the  best  ideal  and  best  natural  pro- 
portions had  been  selected  instead  of  averaging  all  of  them. 

Instead  of  using  the  average  of  all  the  specimens  made  by  arti- 
ficial curves  and  the  natural  proportions,  if  a  selection  had  been 
made  of  the  specimens  proportioned  by  the  best  ideal  analysis  curve 
with  2^-in.  maximum  stone — that  is,  by  the  lowest  artificial  curve 
with  which  the  voids  were  filled,  and  by  the  best  natural  mixtures 
with  the  same  size  of  stone,  which,  on  the  whole,  were  the  1:3:6 
proportions — the  average  value  of  the  modulus  of  rupture  would 
have  been  241  lb.  per  sq.  in.  for  the  ideal,  and  211  lb.  per  sq.  in.  for 
the  natural  proportions,  representing  an  increase  in  strength  of 
14%  by  using  the  ideal  mixtures.  The  relative  saving  in  cement 
is  estimated  with  the  aid  of  the  data  in  Table  15. 

Concrete  with  Aggregates  Graded  by  Ideal  Mechanical  Analysis 

Curves  Having  Graded  Coarse  Aggregate  vs.  Aggregates 

Graded  Similarly  in  the  Sand  Portion,  but  with 

Coarse  Aggregate  of  Uniform  Size. 

Conclusion  7. 

Trial  mixtures  of  concrete  made  in  the  laboratory  with  uniform 
coarse  stone  gave  greater  density  than  could  be  obtained  with  uni- 
formly graded  stone.  However,  in  the  former,  nearly  50%  of  the 
weight  of  total  aggregate  consisted  of  particles  of  the  coarsest  diam- 
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cter  of  stone,  and,  in  mixing,  the  concrete  appeared  to  be  very 
coarse,  so  that  it  was  considered  doubtful  whether  the  concrete 
would  work  well  in  practice  because  of  the  apparent  tendency  of 
the  mortar  to  run  away  from  the  stones,  and  leave  pockets  of 
stone  and  voids.  Accordingly,  in  this  1905  series  of  experiments, 
only  a.  few  beams  were  made  with  the  coarse  stone  of  imiform  size, 
in  order  to  determine  whether  the  results  were  sufficiently  good 
to  warrant  the  continuation  of  this  line  of  tests  at  a  future  date, 
if  circumstances  permitted. 

The  results  as  indicated  in  Table  13  show  no  marked  difference 
between  the  specimens  with  graded  coarse  stone  and  those  with  uni- 
form coarse  stone.  The  former  average  slightly  higher  in  strength, 
while  the  latter  have  slightly  greater  density.  This  is  contrary  to 
what  would  be  expected,  since  the  tests  in  general  indicate  that  the 
densest  mixtures  produce  the  strongest  concrete.  The  fact  can  be 
explained  at  the  present  time  only  by  assuming  that  the  uniform 
coarse  stone  does  tend  to  separate,  as  suggested  above,  and  thus 
produces  a  less  homogeneous  concrete.  Further  tests  are  necessary, 
however,  to  determine  whether  this  is  true  or  whether  these  few 
results  are  abnormal.  The  analysis  curves  used  in  the  mixtures 
of  uniform  stone  are  indicated  in  the  diagrams.  They  were  adopted 
as  a  result  of  the  volumetric  or  density  tests.  The  density  tests 
indicated  that  a  slightly  better  mixture  would  have  been  obtained 
by  lowering  the  curve  at  the  juncture  of  the  ellipse  and  the  first 
straight  line,  but  since  they  also  indicated  that  this  style  of  curve 
required  more  very  fine  sand  than  a  curve  with  graded  coarse 
stone,  it  was  thought  best  to  adopt  the  curves  shown,  and  then 
use,  for  comparison  with  them,  the  specimens  with  the  graded  stone, 
the  analysis  curve  of  which,  in  the  sand  portion,  was  the  same 
ellipse. 

Influence  of  the  Analysis  of  the  Coarse  Aggregate  upon  the 
Strength  of  the  Concrete. — One  of  the  most  important  conclusions 
which  may  be  drawn  from  the  comparative  tests  shown  in  Table  13 
is  that  there  is  comparatively  little  difference  in  the  density  and 
strength  of  concrete,  whatever  may  be  the  analysis  of  the  coarse 
aggregate  (meaning  by  the  "coarse  aggregate"  all  the  particles  the 
sizes  of  which  are  greater  than  a  diameter  which  is  one-tenth  the 
maximum   diameter  of  the   stone),   provided  this   coarse  aggregate 
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does  not  contain  a  greater  weight  of  medium-sized  particles  than 
can  be  represented  by  a  straight  line.  In  other  words,  the  coarse 
aggregate  may  be  uniformly  graded  above  the  size  corresponding 
to  one-tenth  the  diameter  of  the  coarsest  particles,  or  it  may  con- 
tain an  excess  of  uniform-sized  stone  the  diameter  of  which  is 
the  same  as  the  coarsest  diameter  of  the  graded  stone.  Expressed  in 
another  way,  the  effect  upon  the  density  and  the  strength  is  prac- 
tically the  same  whether  uniform  stone  or  uniformly  graded  stone, 
or  a  mixture  between  these  two,  is  used.  However,  tests  should 
be  made  on  a  large  scale,  with  concrete  mixed  by  hand  and  by 
machine,  before  adopting  uniform  'stone  in  regular  construction 
work,  in  order  to  prove  conclusively  that  the  stones  in  the  mixture 
of  uniform  stone  do  not  separate  from  the  mortar;  in  other  words, 
that  the  concrete  does  not  work  harshly. 

While  the  tests  of  strength  do  not  include  tests  to  determine 
whether  or  not  it  might  be  possible  to  use  an  excess  of  medium- 
sized  stone  over  and  above  what  would  be  contained  in  a  uniformly- 
graded  coarse  aggregate,  the  tests  of  density  indicate  that  when 
the  curve  of  the  coarse  aggregate  is  raised  above  a  straight  line, 
the  density  is  immediately  decreased,  signifying  that  the  uniformly- 
graded  coarse  aggregate  or  an  aggregate  having  a  curve  which  is 
below  a  straight  line,  is  the  best  to  use. 

Effect  of  Fineness  of  Sand  upon  Density  and  Strength. 

Conclusions  8  and  9. 

The  relative  effect  of  sand  and  stone  upon  the  density  and 
strength  is  evident  from  the  preceding  paragraphs.  The  density,  of 
the  concrete  is  affected  very  much  more  by  the  variation  in  diam- 
eter of  the  sand  particles  than  of  the  stone  particles,  an  excess  of 
fine  or  medium  sand  decreases  both  the  density  and  strength  of 
the  concrete.  The  effect  of  the  fineness  of  the  sand,  that  is,  the 
proportions  of  the  different-sized  grains,  was  carefully  studied  in 
the  volumetric  tests  which  have  been  described,  and  the  results 
were  confirmed  by  laboratory  and  field  tests. 

Eelation  of  Ideal  Curves  of  Different-Sized  Stone. 
From  the  preceding  paragraphs  it  is  evident  that  the  equations 
of  curves  given  on  page  245  for  aggregate  plus  cement  show  that,  for 
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a  given  character  of  aggregate,  a  single  equation  in  which  the  only 
variable  is  the  diameter  of  the  particles  of  maximum  size  will 
apply  to  aggregates  having  a  maximum  diameter  varying  from 
*  in.  to  21  in. 

Effect  of  Density  and  Strength  of  Concrete  by  Increasing  the 
Percentage  of  Sand  and  Decreasing  the  Percentage  of  Stone. 

Conclusion   12. 

The  density  experiments  indicated  very  distinctly  that,  the  best 
ideal  curve  of  mechanical  analysis  having  been  found,  raising  this 
curve  in  any  portion  of  its  length  decreases  the  density  of  the  mix- 
ture. Accordingly,  to  test  this  point  in  the  beam  tests,  as  shown  in 
the  diagrams,  Pigs.  5  to  10,  specimens  were  also  made  with  each 
material  proportioned  according  to  a  curve  which  was  raised  above 
the  best  ideal  at  the  tangent  point  of  the  ellipse  and  straight  line, 
the  lower  portion  of  these  higher  curves  being  still  in  the  form  of 
an  ellipse  with  the  same  horizontal  or  major  axis  but  with  a  longer 
minor  axis.  More  simply  expressed,  this  is  equivalent  to  increas- 
ing the  sand  and  decreasing  the  stone.  It  is  evident  from  an  ex- 
amination of  the  full  data  in  Table  8  that  the  results  of  this  com- 
parison were  not  as  conclusive  as  might  be  desired.  This  is  partly 
due  to  the  slight  difference  between  the  various  curves,  to  the 
comparatively  few  tests  made  with  each  curve,  to  the  variation 
which  must  be  expected  in  all  tests  of  concrete,  and  to  the  fact 
that  in  some  of  the  lowest  curves  the  voids  were  not  entirely  filled 
and  therefore  the  results  are  less  accurate.  With  the  natural 
mixtures,  the  same  rather  inconclusive  results  were  obtained,  the 
proportions  selected  being  so  nearly  alike  that  the  difference  is 
not  marked.  The  general  trend  of  the  tests,  however,  indicates 
that  the  theorj^  assumed  is  correct,  and  it  is  certainly  substantiated 
by  previous  tests,  made  by  one  of  the  writers  at  Little  Palls,  which 
indicate  qiiite  conclusively  that,  with  the  same  proportions  of 
cement  to  total  aggregate,  the  strongest  mixture  is  that  with  the 
largest  possible  proportion  of  stone  and  the  smallest  possible  pro- 
portion of  sand. 

In  Table  14  are  given  the  results  selected  from  these  tests  at 
Little   Palls,   N.   J.,   made   in    1901.     All  the   specimens   presented 
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liave  the  same  proportions  by  weight,  namely  1  :  8.  The  ratio  of 
sand  to  stone,  however,  is  varied  from  2  :  6  to  8  :  0.  It  is  seen 
from  an  inspection  of  the  table  that  in  every  case  there  is  an  in- 
crease in  both  density  and  strength  as  stone  is  substituted  for  an 
equal  weight  of  sand. 

TABLE   14. — Effect  of  Increasing  the  Percentage  of  Sand 

AND  Decreasing  the  Stone,  from  the  Little  Falls 

Experiments. 


Proportion,  by  weight,  of  cement 
to  total  aggregate. 

Absolute 

volume 

of  cement. 

Density,  i.  e.  total 

cement  + 

sand  +  stone. 

Average  modulus 

of  rupture  at  33 

days,  in  pounds  per 

square  inch. 

1:8 
1:8 
1:8 

1:8 
1:8 
1:8 

1:2:6 
1:3:5 
1:4:4 
1:5:3 

1:6:2 
1:8:0 

0.091 
0.086 
0.082 
0.U80 
0.076 
0.073 

0.865 
0.833 
O.SOl 
0.799 
0.760 
0.754 

319 
285 
209 
151 
102 
41 

Proportioning  Sand  and  Stone  in  Practice. 

Conclusion  12. 

Where  two  aggregates  are  used,  such  as  natural  sand  and 
natural  gravel,  or  crusher-run  screenings  and  crusher-run  broken 
stone,  it  is  evident  from  the  preceding  paragraphs  that  the  relative 
proportions  of  sand  to  stone  may  be  properly  graded  in  the  field 
from  day  to  day  by  using  in  all  cases  as  little  sand  as  possible, 
while  avoiding  visible  voids  in  the  concrete.  In  practice,  when 
proportioned  in  this  way,  the  mixture  is  found  to  be  not  only 
theoretically  denser  and  stronger,  but  it  works  most  smoothly  in 
placing.  Having  selected  a  ratio  of  cement  to  total  aggregate,  this 
gives  a  better  and  easier  method  of  proportioning  in  cases  where 
it  is  not  considered  economical  to  use  more  than  two  aggregates — 
that  is,  where  artificial  grading  is  prohibited — than  any  number 
of  theoretical  tests.  This  plan  is  also  especially  advantageous 
where  the  sand  varies  in  fineness  from  day  to  day;  for,  the  finer 
the  sand,  the  farther  it  will  spread,  and  the  less  of  it  is  required 
to  fill  the  voids  of  the  stone,  and  also  the  less  of  it  should  be  used 
in  proportion  to  the  cement,  since  a  mortar  of  fine  sand  is  weaker 
than  a  mortar  of  coarse  sand. 
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Concrete  with  Different  Percentages  of   Cement. 

Conclusion  10. 

Table  15  shows  the  density  and  strength  of  beams  in  which 
different  percentages  of  cement  are  used  to  the  weight  of  the  total 
dry  material,  ranging  from  8  to  15%,  and  in  proportions  by  weight 
from  1  :  11.5  to  1  :  5.7,  thus  covering  all  ordinary  proportions  in 
practice.  As  the  percentage  of  cement  is  increased,  the  strength 
increases,  and  in  nearly  similar  ratios. 

Effect  upon  Density  of  Substituting  Cement  for  Fine  Sand. 

Conclusions  10  and  11. 

The  average  densities  in  Table  15  show  an  extreme  variation  of 
less  than  1  per  cent.  This  is  in  confirmation  of  the  statement  al- 
ready made  that  a  substitution  of  cement  for  fine  sand  having 
grains  of  the  same  diameter  does  not  affect  the  density.  This  is 
also  proved  still  more  definitely  in  the  volumetric  tests  of  density. 
As  the  mechanical  analysis  curves  in  all  the  beam  mixtures  in- 
clude both  cement  and  aggregate,  in  the  specimens  with  different 
percentages  of  cement  the  additional  cement  is  actually  substituted 
for  sand  having  grains  of  the  same  size. 

Permeability   Tests. 

The  results  of  the  permeability  tests  have  emphasized  the  fact 
that  little  is  known  of  the  action  of  concrete  in  resisting  the  flow 
of  water.  Examination  of  the  tests,  vphich  are  given  in  full,  in 
Table  18,  indicates  in  general  that,  using  different  proportions  and 
different  sizes  of  the  same  class  of  materials,  the  laws  of  water- 
tightness  are  somewhat  similar  to  those  of  strength.  If  the  per- 
centages of  cement  be  the^ame,  the  specimens  having  the  greatest 
density  are  usually  most  water-tight,  and  in  the  specimens  having 
similar  density  but  different  percentages  of  cement,  the  water- 
tightness  increases  with  the  percentages  of  cement.  The  ratios, 
however,  are  very  different  from  the  ratios  of  either  density  or 
strength,  a  slight  difference  in  the  composition  producing  a  great 
effect  upon  the  water-tightness.  Different  kinds  of  aggregates,  also, 
for  reasons  not  yet  explained,  produce  very  different  results  in 
water-tightness.      The  results   of  the  tests   are   discussed   in   detail 
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on  pages  287  to  292.  An  important  result  of  the  permeability 
tests  has  been  the  evolution  of  an  apparatus,  described  in  suc- 
ceeding paragraphs,  by  which  almost  any  character,  shape  or  thick- 
ness of  specimen  may  be  submitted  to  water  pressure.  The  ad- 
vantages of  the  apparatus  lie  in  the  exposure  of  the  entire  top 
surface  of  the  specimen  to  the  water  pressure,  the  coating  of  the 
sides  of  the  specimen  with  neat  cement  so  as  to  confine  the  flow, 
and  the  discharge  of  the  water  through  the  bottom  of  the  specimen. 


OT-Hj  Union 


Reservoir  Filled 
with  Sanil 


-f'2 

Wood  St  rip -i; 


Neat  Cement 
Casinjj 


Kunn.-I  Ji-Hliuife'ing  in  bottle 


METHOD  OF  PREPARING 
SPECIMEN  FOR  PERMEABILITY  TESTS. 


Fig.  13. 


Method  of  Mulcing  Permeahility  Tests. — The  apparatus  used  in 
making  permeability  tests  and  the  preparation  of  the  specimen  are 
indicated  in  Tig.  13,  and  in  Tig.  2,  Plate  XIII.  The  method 
of  preparing  the  specimen  which  was  found  satisfactory  after  a 
number  of  trials  is  illustrated  in  Tig.  12.  A  piece  of  a  concrete 
beam,  about  6  in.  square  and  17  in.  long,  obtained  by  breaking  the 
beam  in  the  regular  manner  in  the  testing  machine,  is  scored  over 
the  surface  of  its  four  sides  by  a  hammer  and  cold  chisel,  so  as  to 
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give  rougli  and  uneven  surfaces  and  afford  a  better  adhesion  to  the 
cement  coating.  The  specimen  is  then  immersed  in  water  and 
soaked  for  24  hours.  When  taken  from  the  water,  it  is  placed  in 
a  wooden  mould  constructed  so  that  the  specimen  can  be  placed 
in  an  upright  position  with  a  space  on  each  of  the  four  sides.  A 
mound  of  sand  is  formed  on  the  top  and  held  in  place  by  a  strip 
of  wood  first  thoroughly  soaked  with  water.  The  surface  of  the 
sand  is  covered  with  a  piece  of  tissue  paper  to  prevent  the  cement 
from  flowing  into  it.  The  requisite  quantity  of  sand  is  1  000  g., 
and  it  must  be  fine,  passing  a  No.  30  and  being  caught  on  a  No. 
40  sieve.  On  top  of  the  sand  is  placed  a  4-in.  iron  flange  in  which  a 
i-in.  nipple,  4^  in.  long,  is  screwed  so  as  to  make  a  tight  joint  in 
which  there  can  be  no  leakage  along  the  thread. 

Neat  cement,  mixed  to  a  paste  about  as  stiff  as  can  be  handled 
and  compacted  conveniently,  is  placed  in  the  mould,  around  the 
specimen  and  over  the  sand,  thus  forming  a  dome  above  it.  About 
83  lb.  of  cement  and  21  lb.  of  water  are  used  for  the  casing.  When 
pouring  the  cement,  four  pieces  of  ^-in.  galvanized  ribbon  wire,  or 
some  other  form  of  reinforcing  metal,  are  placed  in  pairs,  two  at 
right  angles  to  the  other  two,  over  the  top  of  the  specimen  and 
down  along  the  side,  as  shown  in  Fig.  13,  to  reinforce  the  cement 
and  prevent  the  dome  from  being  blown  off,  which  occurred  in  one 
of  the  experimental  tests.  As  the  cement  is  compacted,  water  rises 
to  the  surface,  and  bubbles  of  air  come  up  through  the  cement  and 
water.  The  casing  is  not  considered  complete  until  this  bubbling 
ceases.  The  surface  of  the  specimen,  after  it  is  complete,  is  covered 
with  moist  sand,  and  this  is  kept  wet  by  a  very  slow  flow  from  a 
water  cooler.  At  the  end  of  24  hours,  the  neat  cement  has  thor- 
oughly set,  and  the  specimen  can  be  removed  from  the  mould  and 
buried  in  damp  sand  until  ready  to  test. 

Apparatus  for  Testing  Permeability.  The  apparatus  for  test- 
ing, together  with  the  specimen  itself,  is  shown  in  Fig.  2,  Plate 
XIII.  The  specimen  is  placed  upon  a  tin  funnel  set  in  a  wooden 
frame  which  rests  upon  any  suitable  foundation.  The  pipe  pro- 
jecting through  the  top  of  the  specimen  is  connected  by  a  union 
coupling  with  the  bottom  of  the  air-pressure  tank,  which  is  nearly 
filled  with  water  before  beginning  the  test.  The  pressure  is  raised 
by  the  hand-pressure  air  pump  shown  in  the  photograph,  and  main- 
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tained  at  any  desired  pressure  for  any  required  period.  The  time 
is  read  by  a  stop-watch  reading  for  convenience  to  hundredths  of 
minutes,  instead  of  to  seconds,  which  is  started  at  the  beginning  of 
the  tests  and  allowed  to  run  as  long  as  the  experiment  is  con- 
tinued. The  water  is  caught  in  a  bottle  placed  below  the  funnel  un- 
der the  specimen,  and  weighed  at  intervals  by  substituting  a  second 
bottle. 

Recording  the  Data. — The  method  of  recording  the  data  of  the 
tests  is  shown  in  a  typical  form  in  Table  16.  Convenient  periods 
of  flow  for  most  of  the  specimens  were  found  to  be  5-min.  inter- 
vals, this  giving  sufficient  time  to  weigh  the  bottle,  and  being  fre- 
quent enough  to  obtain  the  average  rates  of  flow.  It  was  found 
that  about  5  min.  were  required  for  the  flow  at  any  given  pressure 
to  become  constant,  and  therefore  the  flow  during  the  flrst  5  min. 
at  any  given  pressure  is  not  included  in  computing  the  average 
flow. 

TABLE  16. — Form  for  Permeability  Tests. 

Specimen  Ko.  165. — Maximum  Size  of  Stone,  t,  in. — Analysis  "N"o.575. 
— -Normal  Mix:  Ellipse,  37%  ordinate  at  diam.  .105,  Tangent  to 
100%.— Ver  Cent,  of  Cement,  i^o,;.— Kind  Stone,  J.  P.— Kind  of 
Sand,  J.  P.— Date  Mixed.  Feb.  20.— Bate  Beam  Broken,  May  22. 
— Age  at  Break,  91  d. — Date  of  Coating,  If a^  23. — Age  at  Perm. 
Test,  112  (/..—Dimensions  before  Coating,  5.91  X  5.95  X  18.0.* 
- — Hours  Soaked  before  Coating,  21}.. — Time  Valve  Opened,  lO.IfB. 


Times. 

Pressure 

Water  passing, 
in  grammes. 

Rate  of  flow  per 
minute,  in 
grammes. 

Remarlcs. 

0 

20  1b. 

0 

10 

0( 

»       1 

Pressure  increased  to  40  lb. 

25 

40   " 

0  \ 

..      eo  " 

29 

60  " 

Water  appeared. 

.35 

60  " 

61 

40 

98  1 
103^ 

45 

11    11 

20 

50 

"   " 

99  i 

55 

80  " 

150 

Pressure  increased  to  80  lb. 

60 

'•   " 

177/ 

65 

"  " 

189  ^ 
168  i 

36 

General  Remarks 

Water  appeared  after  a  pressure  of  20  lb.  had  been  applied  for  10  min.,  of  40  lb. 
15  min.,  and  60  lb.  4  mm.,  making  specimen  under  increasing  pressures  29  mio. 
before  water  appeared. 

*This  measurement  is  assumed  to  be  18  in.  Other  dimensions  taken  before  sur- 
face was  roughened. 

Adhesion  of  Cement  Casting  to  Concrete  Bloch. — The  only  pos- 
sibility of  a  leakage  which  is  not  immediately  apparent  is  between 
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the  specimen  and  the  neat  cement  casing.  In  order  to  prove  that 
the  adhesion  was  perfect,  several  specimens  were  broken  after  the 
completion  of  the  tests.  One  of  the  first  specimens  showed  signs 
of  slight  percolation  between  the  specimen  and  the  coating,  but  by 
more  carefully  roughening  the  surface  before  coating,  this  was 
entirely  prevented  in  subsequent  tests,  and  the  bond  of  union  was 
found  to  be  absolutely  perfect,  the  adhesion  of  the  cement  casing 
to  the  concrete  being  stronger  than  the  adhesion  of  the  ingredients 
of  the  concrete. 

Results  of  Permeability  Tests. — An  examination  of  Table  18 
reveals  a  number  of  points,  which  stand  out  very  clearly  in  the 
results,  and  form  the  basis  for  the  conclusions  on  the  following 
pages.  To  establish  definite  laws,  and  compare  materials  not  in- 
cluded in  this  series  of  tests,  further  experiments  are  essential. 
The  permeability  of  the  different  specimens  is  indicated  in 
Columns  18  to  21  by  the  rate  of  flow,  in  grammes  per  minute,  at 
different  pressures.  The  specimens  are  all  of  approximately  the 
same  length,  namely,  17  in.,  and  the  flow  is  through  this  total 
length. 

TABLE  17. — Effect  of  Percentage  of  Cement  on  Permeability 

OF  Concrete  Beams  of  Various  Aggregates  having  a 

Maximum  Diameter  of  21  Inches. 


Kind  ov 

a 

Rate  of 

Flow  of 

Water,  in 

Grammes 

6 

o_ 

Material. 

^  , 

PER    Minute,    at    the     Following 

tuso.S 
a2-2 

.9  aa 

Pressures,  per  Square  In 

CH. 

M 

o 
1 

c 

0 

d 

2 

a 

a 

5 

i 

0 
to 

i 

193 

1:11.5 

8.0 

.1.  P.* 

J.  P. 

7 

25 

161 

237 

273 

155 

1:9 

10.0 

" 

'• 

3 

11 

24 

369 

49 

179 

1:7 

12.5 

" 

" 

3 

15 

22 

30 

38 

183 

1:5.75 

15.0 

" 

" 

5.5 

5 

8 

10 

12 

233 

1:10.8 

8.5 

C.  B. 

O.B. 

3 

15 

25 

38 

43 

217 

1:8.4 

10.6 

"■ 

17 

1 

3 

5 

6 

224 

1:6.5 

13.0 

" 

" 

IdO 

0 

0 

0 

0.5 

2-^5 

1:5.3 

15.9 

" 

*^ 

98 

0 

0 

0 

1.4 

213 

1:8.8 

10.2 

J.  P. 

O.B. 

9 

4 

11 

17 

22 

218 

1:6.88 

12.7 

" 

10 

2 

2 

3 

3 

216 

1:5.54 

15.6 

0 

0 

0.7 

1  4 

*J.  p.  =  Jerome  Park;  C.  B.  =  Cowe  Bay. 
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TABLE  IS. — Permeability  of  6  X  6  X  17-In.  Concrete 

Portland  Cement. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6> 

(7) 

(8) 

(9) 

O 

, 

«  te 

c 

>  a> 

2 

+^^ 

OJ3 

!Sl> 

u 

<D 

ole 

o 

.D  o 

S 
a 

Proportion,  by 
weight. 

a'5 

p 
o 

CO 

O 

-a 

c 

•6 
a 

03 

o 

0 

5 

a.1 

S 

11 

s>  a 
w 

S  a! 

11 
IS 

ID 

« 

aS 

?l 

p  t. 

aj.2 

t 

s 

0^ 

a 

ts-Sc 

Ph-O 

u 

155 

1:9 

10 

J.  p. 

J.  p. 

2i 

0.20 

37.80 

EUipse. 

151 

1:9 

10 

" 

" 

1 

0.10 

35.90 

" 

165 

1:9 

10 

^^ 

" 

^ 

0.075 

36.30 

" 

168 

1:2V^:6^ 

1:3:6 

1:2^:6)^ 

10 

I. 

I. 

2i 

167 

10 
10 

'' 

11 

?■ 

172  B 

170 

1:3:6 

1:2^^:6^ 

1:3:6 

1:9  uniform  stone. 

10 
10 

.. 

., 

1 
i 

192  B 

176  B 

10 
10 

" 

" 

! 

21 

187  A 

0.20 

37.8 

Ellipse. 

193  C 

1:11.5 

8 

" 

" 

24 

0.20 

37.8 

i' 

179  B 

1:7 

12.5 

" 

" 

2i 

0.20 

37.8 

" 

183  B 

l:5M 

15 

" 

" 

2i 

0.20 

37.8 

" 

217 

1:8.4 

10.6 

C.  B. 

C.  B. 

2i 

0.20 

32.1 

" 

221 

1:2.91:5.62 
1:8.4 

10.6 
10.6 

u 

i. 

2i 
2J 

234 

0.20 

37.8 

Ellipse. 

227 

1:2.91:5.62 

1:10.8 

10.6 

8.5 

n 

jt 

1 

2i 

233 

0.20 



32.1 

Ellipse. 

224 

1:6.5 

13.75 

'• 

" 

2i 

0.20 

32.1 

•' 

225 

1:5.3 

15.9 

" 

'^ 

2i 

0.20 

32.1 

" 

213  C 

1:8.8 

10.2 

J.  p. 

.c 

2i 

0.20 

33.8 

ci 

219  B 

1:8.8 

10.2 

" 

" 

2i 

0.20 

37.8 

'^ 

205 

I:2.92:ii88 
1:2.92:5.88 
1:2.92:5.88 

1:6.88 

10.2 
10.2 
10.2 

12.75 

'' 

" 

2i 

1 

* 
2J 

203  C 

207  C 

218 

0.20 

38.8 

Ellipse. 

216 

1:5.54 

15.3 

2J 

0.20 

83.8 

*  Including  cement. 

t  In  Cowe  Bay  mixtures  the  percentage  of  cement  by  weight  is  increased  in 


Parlj  material. 

J.  P.  =  Jerome  Park; 


C.  B.  =  Cowe  Bay. 
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Prisms,  Made  of  Various  Aggregates  and  Giant 
Age,  3^  Months. 


(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(30) 

(81) 

Calccl^ 

LTED    VO 

LUMK,    II 

«  Cubic 

Feet  oi 

J"  Mate- 

P. 
e8 

Rate  op 

Flow 

OF 

R 

[AL  IN  1  ( 

;^u.  Ft.  < 

DF  Beam 

AS  Mad 

ff. 

S3| 

c8  S 

Water,  in  Grammes  per 

m 

Minute. 

'd 

S" 

^9 

S 

■a 

■as 

u 

b 

u 

& 

t»> 

"3 
o 

C8 

a 

o 

o 

« 

0) 

(3> 

1 

I 

^ 

s 

af 

2.2 

ft  . 

P.  _ 

•  P 

P.    . 

ft    _ 

1 

8 

5X 

3 

08 

"33 

r 

be 

is* 

J3  3 

< 

0.078 

0.777 

0.855 

0.173 

0.145 

1.038 

110 

3 

11.3 

24.4 

36.9 

48.7 

0.075 

0.745 

0.830 

0.191 

0.180 

1.011 

112 

31 

0 

11.6 

21.6 

35.1 

0.070 

0.700 

0.770 

0.308 

0.230 

0.978 

112 

39 

0 

20 

36 

0.076 

0.758 

0.834 

0.154 

0.166 

0.988 

119 

30 

Q 

a 

8 

12 

0.074 

0.738 

0.812 

0.144 

0.188 

0.956 

113 

3 

15 

27 

46 



0.074 

0.736 

0.810 

0.232 

0.190 

1.043 

105 

3.5 

25 

87 

153 

0.070 

0.730 

0.802 

0.236 

0.198 

1.028 

119 

7 

8 

18 

31 

' '49" ' 

0.070 

0.703 

0.773 

0.324 

0.227 

0.997 

137 

35 

0 

13 

35 

63 

0.070 

0.70^ 

0.772 

0.199 

0.228 

0.971 

101 

24 

0 

19 

34 

50 

0.077 

0.775 

0  853 

0.154 

0.148 

1.006 

119 

3.75 

14 

21 

27 

33 

0.060 

0.771 

0.831 

0.170 

0.169 

1.001 

140 

7 

25 

161 

237 

273 

0.037 

0.755 

0.853 

0.189 

0.148 

1.041 

107 

3 

15 

23 

bO 

38 

0.130 

0.715 

0.845 

0.186 

0.155 

1.031 

105 

5.5 

5 

8 

10 

12 

0.079 

0.770 

0.855 

0.133 

0.145 

0.988 

146 

17 

1 

3 

5 

6 

0.076 

0.750 

0.826 

0.157 

0.174 

0.983 

133 

134 

0 

0 

0 

0.7 

<1.079 

0.781 

0.860 

0.147 

0.140 

1.007 

147 

72 

0 

0 

1.9 

3.9 

0.077 

0.755 

0.832 

0.173 

0.168 

1.005 

150 

125 

0 

0 

0 

1.8 

0.064 

0.807 

0.871 

0.154 

0.139 

1.035 

147 

3 

14.7 

25 

37.6 

42.7 

0.100 

0.765 

0.865 

0.149 

0.135 

1.014 

151 

100 

0 

0 

0 

0.5 

0.139 

0.738 

0.867 

0.147 

0.1.33 

1.014 

151 

98 

0 

0 

0 

1.4 
2i 

0.080 

0.793 

0.873 

0.152 

0.137 

1.025 

137 

8.75 

4 

11 

17 

0.078 

0.7(2 

0.850 

0.160 

0.150 

1.010 

116 

45.5 

0 

1 

2 

3 

12 

0.075 

0.740 

0.815 

0.160 

0.185 

0.975 

132 

7 

1 

4 

8 

0.075 

0.745 

0.S20 

0.156 

0.180 

0.976 

132 

36 

0 

5 

10 

15 

0.070 

0.703 

0.773 

0.195 

0.337 

0.968 

132 

29 

0 

10 

17 

25 

0.099 

0.767 

0.867 

0.151 

0.133 

1.017 

148 

10.5 

2 

2 

3 

3 

0.117 

0.T35 

0.853 

0.154 

0.148 

1.006 

147 

0 

0 

0.7 

1.4 

each  case  to  balance  the  difference  in  specific  gravity  between  this  and  the  Jerome 
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Effect  of  Percentage  of  Cement  Upon  Permeability. 
Conclusion  17. 
The  data  in  Table  18  which  bear  on  this  subject  have  been 
rearranged  in  Table  17.  It  is  seen  that  the  rate  of  flow  is  less  as 
the  percentage  of  cement  increases,  and  in  a  much  larger  inverse 
ratio.  The  most  extreme  differences  are  shown  in  the  straight 
Jerome  Park  materials,  with  which  the  rate  of  flow  at  80  lb.  pres- 
sure decreases  from  273  g.  per  min.  in  the  specimens  having  8% 
cf  cement,  to  12  g.  per  min.  in  the  specimen  having  15%  of  cement. 

Effect  of  Size  of  Stone  Upon  Permeability. 
Conclusion  18. 

The  data  relating  to  this  subject  in  Table  18  have  been  rear- 
ranged for  more  convenient  reference  in  Table  19.  It  is  seen  that 
the  evidence  is  conflicting,  the  mixtures  with  Cowe  Bay  material 
indicating  that  the  rate  of  flow  is  less  as  the  maximum  size  of  the 
aggregate  is  greater,  while  the  mixtures  of  Jerome  Park  material 
are  erratic,  the  1-in.  and  i-in.  stone  giving  about  the  same  rate  of 
flow,  and  the  2i-in.  stone  giving  greater  than  either  of  the  smaller 
sizes,  but  the  results  are  much  less  definite  than  those  of  the  other 
tests  mentioned.  All  the  straight  Jerome  Park  specimens,  in  fact, 
are  more  erratic,  as  regards  permeability,  than  the  specimens  con- 
taining more  rounded  grains  which  can  be  more  uniformly  mixed. 

Decrease  of  Permeability  with  Age. — The  rate  of  flow  decreases 
materially  with  age.  The  difference  in  the  age  of  the  specimens 
in  Table  18  is  not  sufficient  to  draw  conclusions,  but  a  comparison 
of  these  tests  with  those  in  Table  21,  which  were  made  under 
similar  conditions,  indicate  a  very  great  reduction  in  the  flow  from 
that  at  1  month,  to  that  at  3i  months. 

Increase  of  Permeahility  with  Pressure. — ^By  the  comparison  in 
Table  18,  of  the  values  in  Columns  19,  20  and  21,  it  is  seen  that 
the  rate  of  flow  increases  nearly  uniformly  with  the  increase  of 
pressure. 

Effect  of  Thichness  of  Concrete  Upon  Permeahility. — The  data 
in  Table  20  indicate  that  the  rate  of  flow  increases  as  the  thick- 
ness of  the  concrete  decreases,  but  in  a  much  larger  inverse  ratio. 
All  the  tests  in  this  table  were  made  upon  specimens  from  the 
same  beam.     Column  4  gives  the  results  from  a  regular  specimen 
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-Effkct    ok   Sizk   of   Stone   on   PERMEAniLiTv   of 
Concrete  Beams. 


>. 

_ 

^  £ 

Rate  of  Flow  op 

E 
u 

1^ 

Is- 

Kind  of 
Aggregate. 

ill 

a)  ^  S 

Water,  in  Grammes 

PER  Minute  at  the 

Following   Prkssure.s 

PER  Square  Inch. 

c 

/^ 

a. 

o.g'o 

Stone. 

Sand. 

s 

^^ 

201b. 

401b. 

601b. 

80  )b. 

155 

1:9 

10 

J.  P. 

J.  P. 

2M 

3 

11 

24 

369 

49 

151 

:9 

10 

" 

" 

1 

21 

0 

12 

22 

35 

165 

1:9 

10 

^*' 

Vi 

29 

0 

.. 

20 

36 

168 

1:2' :65 

10 

J.  P. 

J.  P. 

2}4 

20 

0 

3 

8 

12 

17a 

1:2'^  :6^ 

10 

" 

" 

1 

•   3.5 

25 

87     !     153 

19a 

1:2^:65 

10 

•• 

" 

H 

2.5 

0 

13     .      35 

63 

167 

1:3:6 

10 

J.  P. 

J.  P. 

m 

3 

15 

27     \      46 

170 

1:3:6 

10 

" 

" 

1 

7 

8 

18     1      31 

49 

176 

1:3:6 

10 

" 

V2 

24 

0 

19     .      34 

50 

221 

l:39i:5«s 

10.6 

C.  B. 

C.  B. 

m 

134 

0 

0     j        0 

0.7 

227 

l:2si:5«2 

10.6 

1 

125 

0 

0 

0 

1.8 

205 

1:292:568 

10.2 

J.  P. 

C.  B. 

m 

7 

1 

4 

8 

12 

203 

1:292 :5eB 

10.2 

" 

'• 

1 

26 

0 

5 

10 

15 

207 

l:3''  =  :5"'i 

10.2 

" 

" 

}4 

29 

0 

10 

17 

20 

J.  p.  =  Jerome  Park;  C.  B.  —  Cowe  Bay. 


TABLE  20. — CoMPARATHE  Permeability  of  Concrete  through  a 
Length  of  8.5  Inches  vs.  a  Length  of  17  Inches.     Speci- 
men No.  224.     Cowe  Bay  Aggregates.     Propor- 
tions, 1  :  6.5  (by  Weight).    Average  Age, 
153  Days. 


fl) 

(2) 

1                  (3)                1                (4)                  1                  (5) 

Pressure, 

Rate  of  Flow,  in  Grammes  per  Minute. 

in  pounds 
per  square 

8.5  X  5.95  X  6.05-ln.  specimens. 

17  X  5.95  X  6.1.5-in. 

inch. 

(1) 

(2)                        Average. 

specimen. 

20 
40 
60 
80 

0.16 
0.87 
1.40 
2.!7 

0.17                             0.32  • 
1.49                             1.18 
2.58                             1.99 
3.93                             3.05 

0 
0 
0 
0.47, 

17  in.  in  length  and  Columns  2  and  3  the  results  from  two  speci- 
mens, each  8i  in.  long,  from  the  same  beam.  The  difference  in  the 
permeability  of  1  and  2  Is  greater  1;han  would  be  expected  from 
two  similar  specimens,  but  this  is  probably  exi^lained  by  differences 
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in  homogeneity  due  to  the  large  size  of  stone  used  for  such  a  short 
specimen,  and  to  the  fact  that  the  lengtli  of  the  two  pieces  which 
were  broken  from  larger  ones  may  not  have  been  absolutely  the 
same.  Evidently,  further  comparative  tests  of  similar  specimens 
are  required. 

Rate  of  Flow  During  a  Four-Hour  Period. — A  specimen  sub- 
jected to  continuous  uniform  pressure  for  a  period  of  4  hours  shows 
a  practically  uniform  rate  of  flow  during  this  time.  The  results 
are  given  in   Table  21. 


TABLE  21. — Uniformity  of  E.^te  of  Flow  through  a  Specimen 

OF  1  :  2.5  :  6.5  (by  Weight).     Concrete  Specimen  No.  168. 

5.8   X   5.9  X  I'^'-O  Inches  Long.     Jerome  Park 

Screenings  and  Stone.     Age,  119  Days. 


(1) 

(2) 

(3) 

(4) 

(5) 

Time,  iu  hours 
and  minutes. 

Pressure,  in 

pounds 

per  square  inch. 

Water 
passing,  in 
grammes. 

Rate  of  flow 

per  minute,  in 

grammes. 

Rate  of  flow 

per  hour,  in 

grammes. 

0 

60 

0 
446 

42 
40 
41 

344 
40 
40 
40 

338 
411 
39 
40 

347 

1:00 

446 

!:05 

8.4 
8.0 
«.2 
7.6 
8.0 
8.0 
8.0 
7.5 
8.0 
7.8 
8.0 
7.7 

1:10 

1:15 

3:00 
2:05 
3:10 

467 

3:15 

3:00 
3:05 
3:10 
3:15 

453 


4:00 

466 

Volumetric  Tests  of  Density  of  Neat  Cement  and  Mortar. 

Diiring  the  progress  of  the  experiments  at  Jerome  Park,  frequent 
tests  were  made  of  the  density  of  the  cement  which  was  being  used, 
and  also  of  the  densities  of  various  mortars.  For  this  purpose,  the 
cylinder  apparatus  described  for  the  density  experiment  upon  con- 
crete was  used;  tests  were  also  made  upon  a  smaller  scale,  with  a 
200  c.  c.  ^aduate  for  the  mould.  The  apparatus  used  for  these 
tests  on  the  small  scale,  and  the  Jackson  specific  gravity  flask,  also 
constantly  used,  are  shown  in  Fig.  1,  Plate  XVI. 


PLATE   XVI. 

PAPERS,  AM.  SOC.  C.  E. 

MARCH,   1907. 

FULLER  AND  THOMPSON  ON 

LAWS  OF  PROPORTIONING  CONCRETE. 


Fig.  1.— Apparatus  for  Volumetric  Test.s  of  Density  of  Concrete. 


Fig.  2.— Variation  in  Volume  of  Paste  Produced  by  Mixing  the  Same  Weight  of 
Cement  with  Different  Percentages  of  Water. 
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Effect  of  Different  Percentages  of  Water  Upon  Volume  and 
Density  of  Portland  Cement  Mortars  and  Concretes. 

Table  22  and  Fig.  2,  Plate  XVI,  illustrate  the  variation  in 
volume  of  paste  produced  from  the  same  weight  of  the  same  ce- 
ment with  different  percentages  of  water.  They  also  show  the  dif- 
ference in  volume  between  the  fresh  paste  as  mixed  and  the  same 
paste  after  standing  for  a  period  of  about  3  hours  and  being  com- 
pacted by  occasionally  shaking  and  tapping  the  mould.  The  tests 
were  made  in  the  graduates,  as  previously  described.  By  adopt- 
ing a  standard  method  in  all  the  tests,  and  maintaining  a  uniform 
consistency,  good  results  were  obtained.  When  sand  is  mixed  with 
the  cement,  there  is  much  less  variation  in  the  volumes  of  the  mor- 
tars due  to  different  percentages  of  water  than  in  neat  pastes,  but 
the  variation  is  generally  very  appreciable,  although  less  with 
coarse  than  with  fine  sands. 

TABLE  22. — Effect  of  Different  Percentages  of  Cement  Upon 
THE  Volume  of  Neat  Portland  Cement  Paste. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7; 

(8, 

(9)         (10) 

(11)       (12) 

a 
E  0) 

^ 

Absolute  Volume. 

Volume  of 
Paste. 

J2 

E 

.S 

*3 

a 

s 

O 

O 

T3 

a 

a 

Fresh. 

Finally 
compacted. 

B 

"3 

a 

1 

U  |3 
Ph 

_ 

a 
S 

u 
® 
a 

.a   i 

o 

Finally  com- 
pacted, in 
cubic 
centimeters 

* 

1% 
O3 

1 

03 

w. 

c. 

«'. 

c. 

463 

Neat. 

Giant. 

300 

60 

21 

165.8 

163.8 

0.3e2 

0..584 

0..354 

0.590 

464 

300 

69 

23 

168.7 

167.7 

0.391 

0.546 

0.404  '  0.574 

465 

' 

300 

78 

26 

174.0 

172.3 

0.438 

0.543 

0.441   1  0.560 

4nr 

300 

96 

32 

183.2 

179.3 

0.504 

0..508 

0.5U8  !  0.534 

447 

300 

150 

50 

244.0 

221.0 

0.613 

0  395 

0..571   i  0.435 

449 

300 

300 

100 

390.6 

214.3 

0.772 

0.248 

0.569     0.436 

The  resulting  volumes  of  different  concretes,  of  the  same  ma- 
terials and  proportions,  but  with  varying  percentages  of  water  are 
nearly  constant,  provided  sufficient  water  is  added  to  permit  thor- 
ough compacting.  When  an  excess  of  water  is  used,  it  is  nearly 
all  expelled  as  the  solid  materials  settle  by  gravity.  There  is, 
however,  a  slight  variation  even  in  concrete.     A  dry  mixture,  pro- 
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vided  sufficient  water  is  added  to  rise  to  the  top  on  hard  ramming, 
can  be  compacted  somewhat  more  than  a  concrete  of  medium  con- 
sistency, while  a  very  wet  concrete  is  apt  to  occupy  a  very 
slightly  larger  volume,  and  hence  be  less  compact  than  a  medium 
concrete.  In  most  cases,  the  difference  between  the  medium  and 
very  wet  mixtures  is  only  noticeable  by  extremely  accurate  meas- 
urements. 

Elasticity  Tests. 

Figs.  14,  15,  and  16  show  a  number  of  typical  results  of  tests  of 
elasticity  of  several  of  the  capped  prisms.  These  tests  were  made  at 
the  Stevens  Institute.  Readings  of  compressive  deformations  were 
taken  at  increments  corresponding  to  unit  increments  of  100  lb., 
and  in  most  of  the  tests  the  load  was  released  at  500  and  1  000  lb. 
and  the  permanent  set  recorded.  In  a  few  cases,  shown  by  zigzag 
lines,  the  effect  of  repeated  stress  was  also  measured.  The  results 
are  given  in  Table  23. 

It  should  be  noticed  in  the  diagrams  that  nearly  all  the  curves 
run  up  sharply  from  100  lb.,,  the  first  load  applied,  indicating  that 
the  modulus  between  100  and  200  lb.  is  not  greater  "than  at  the 
next  higher  loadings.  After  deducting  the  set,  the  deformation 
(shown  by  the  curve  labeled  "Elastic"),  in  the  majority  of  the 
specimens,  at  first  increases  uniformly,  the  curve  being  in  these 
cases  a  straight  line  in  its  lower  portion.  The  point  of  tangency 
with  the  decided  curve  is  sometimes  considered  the  elastic  limit  of 
the  concrete. 

The  table  shows  several  interesting  comparisons : 

1. — The  modulvis  increases  with  the  maximum  size  of  stone. 
Compare,  respectively,  specimens  1,  2,  3;  5,  6,  7;  17,  18;  22,  24. 

2. — The  modulus  increases  with  the  percentage  of  cement.  Com- 
pare, respectively,  8,  9,  10,  11 ;  13,  14,  15,  16 ;  19,  20,  21.  There  are 
one  or  two  exceptions  to  this  rule,  but  the  general  trend  is  unques- 
tionable. 

3. — In  general  the  modulus  of  the  Cowe  Bay  gravel  and  sand  is 
higher  than  the  modulus  of  similar  specimens  mixed  with  Jerome 
Park  sand   and  screenings. 

4. — The  modulus  of  specimens  with  a  mixture  of  Jerome  Park 
stone  and  Cowe  Bay  sand  is  in  general  slightly  lower  than  similar 
specimens  of  straight  Cowe  Bay  material. 
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ComproNsioii  in  Unit  Length. 
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Compression  in  Unit    Length 
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Compression  in  Unit  Length. 
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TABLE  23. — Modulus  of  Elasticity  of  Concrete  Pkisms. 
Tests  for  deformation.     Jerome  Park  Reservoir.     1905. 


(1) 

(2J 

(3) 

(4) 

(5)        (6)    I 

(7) 

(8j 

(9) 

(10) 

(11) 

(12) 

(13) 

4^       . 

■■ 

c 

fl 

1 

n 

a) 
B 

.2.C 

g.2 
=S6 

i  ^  1 

CO               to 

■M      , 
0  CC 

0  a,"" 

p 

I-'  OS 

t-  0 

go 

>> 

li 

5a 

0  ._ 

ia£ 

o 

3 

1 

£ 

®  0 

0 

a 

J.  p. 

0     1 

c     ; 
5 

J.  p. 

Bo 

o>  i.  a 

a 

0) 

Q 

•a     ..50 
1.^ 

1 

155A 

1:9 

10 

2.25 

0.20 

37.8 

0.855 

1435 

2  143  000 

100-1  000 

2 

151A 

1:9 

10 

" 

1.00 

0.10 

35.9 

0.830 

1085 

1  703  000 

100-    500 

3 

165A 

1:9 

10 

'• 

0.50 

0.075 

36.3 

0.770 

960 

1436  000 

100—    .500 

4 

192  A 

1:2»:6« 

10 

" 

0.50 

.Natural  Mix 

0.773 

875 

1274  000 

300—    500 

5 

167 

1:3:6 

in 

" 

u 

2.35 

"          •' 

0.813 

965 

3  435  0(X) 

100-    500 

6 

170A 

1:3:6 

10 

" 

1.00 

14                        " 

0.802 

860 

1  798  000 

100—    500 

7 

176A 

1:3:6 

10 

" 

0.50 

"                        11 

0.772 

670 

878  000 

200-    500 

8 

193A 

1:11  ■> 

8 

" 

8.25 

0.20  :  37.8 

0.831 

940 

1  750  000 

100-    500 

9 

155  A* 

1:9 

10 

" 

2.25 

0.20      37.8 

0.855 

1  435 

3 143  000 

100—1  000 

10 

179A 

1:7 

13.5 

" 

2.25 

0.20  :  37.8 

0.852 

1  710 

3  350  000 

200—    800 

11 

183A 

1:56' 

15 

'• 

2.25 

0.20 

37.8 

0.845 

1  930 

4  650  000 

100-    500 

13 

•234D 

1:8" 

10.6 

C.B. 

C.B. 

2.25 

0.20 

37.8 

0.860 

1  800 

3  S6T  000 

100-1500 

13 

233  A 

1;10'« 

8.5 

2.25 

0.20 

33.1 

0.871 

9KI 

3  353  OIK) 

100—    500 

14 

3 17  A 

1:8" 

10.6 

" 

2.25 

0.20 

32.1 

0.855 

1  880 

3  930  000 

100-    500 

15 

221 A 

l:6»i 

13.25 

" 

2.25 

0.20 

32.1 

0.865 

3  110 

3  675  000 

100-1  000 

16 

225A 

1:5^» 

15.9 

" 

2.25 

0.30 

32.1 

0.867 

3  315 

4  273  000 

500-1  000 

17 

331A 

I.381.562 

10.6 

" 

2.25 

Natural  Mix 

0.836 

1  455 

3  260  000 

100-  eoo 

18 

327D 

1:2«M5«  = 

10.6 

" 

1.00 

i.                        41 

0.833 

2  065 

3  100  000 

100—1  500 

19 

213A 

1:8«° 

10.2 

J.P. 

2.25 

0.20 

33.8 

0.873 

2  000 

3  480  000 

100-    500 

^0 

218A 

1:6" 

12.75 

2.25 

0.20 

33.8 

0.866 

2  150 

3  830  000 

100—    800 

21 

216A 

1:5" 

15.3 

" 

2.25 

0.20 

33.8 

0.852 

2  440 

3  508  (X)0 

200—1  000 

22 

,205A 

1.292.588 

10.2 

" 

2.25 

Natural  Mix 

0.831 

1  4811 

3  037  OUO 

300-    500 

23 

208  A 

1.392.588 

10.2 

" 

1.00 

"          " 

0.830 

1555 

3  550  000 

100-    700 

24  J207A 

1:3»2:5«« 

10.2 

" 

" 

0.50 

0.783 

1  145 

2  206  000 

100—    400 

*  Beam  1.55  repeated  here  to  facilitate  comparison. 
J.  P.  =  Jerome  Park;  C.  B.  =  Cowe  Bay. 
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Immediately  after  the  earthquake  of  April  18th,  1906,  and  the 
destruction  of  San  Francisco  by  the  resulting  fire,  it  was  obvious 
that  the  assistance  of  skilled  engineers  could  be  of  great  value  in 
planning  the  reconstruction  of  the  city  on  new  and  better  lines, 
and  that  valuable  professional  lessons  would  be  learned  by  careful 
study  of  the  effects  of  the  earthquake  and  fire  on  various  engineer- 
ing constructions.  By  virtue  of  its  technical  membership,  the 
San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  seemed  to  be  a  fitting  organization  through  which 
to    proffer    assistance    to   the   municipal    authorities,    to   study   the 


Note.— This  report  and  the  reports  to  which  it  refers  are  issued  before  the  date 
set  for  presentation  and  discussion.  Correspondence  is  invited  from  those  who  cannot 
be  present  at  the  meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either 
oral  or  written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and  when 
finally  closed,  the  reports,  with  discussion  in  full,  will  be  published  in  Transactions. 
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effects  of  the  earthquake  and  fire,  and  to  collect  technical  informa- 
tion. Therefore,  on  April  28th,  ten  days  after  the  earthquake,  a 
meeting-  of  the  Association  was  held  in  Oakland  to  form  an  organi- 
zation for  these  purposes. 

At  this  meeting  the  work  was  outlined  in  the  two  general 
divisions:  First,  Plans  for  Reconstruction;  and  second,  Effects  of 
the  Earthquake  and  Fire,  as  showing  Needed  Improvements  in 
Structural  Design.  The  Board  of  Direction  of  the  Association 
ordered  that  an  offer  of  the  services  of  the  Association  be  made  to 
the  Mayor  of  San  Francisco,  to  assist  him  in  any  way  desired.  A 
number  of  committees  were  also  appointed  at  that  time  to  study 
the  earthquake  effects  on  various  classes  of  structures. 

In  compliance  with  the  Board's  order,  the  aid  of  the  Associa- 
tion was  proffered  to  the  Mayor  through  its  President  on  the  same 
afternoon,  and,  at  the  Mayor's  suggestion,  again  in  public  at  a 
meeting  of  the  Committee  of  Sixty  on  Monday,  April  30th. 

Preparations  -for  organizing  the  Committee  of  Forty  on  Recon- 
struction were  already  far  advanced,  however,  and  hence  the 
assistance  of  the  Association  as  an  organization  was  not  asked  for 
by  the  Municipal  Authorities.  The  Association,  as  a  body,  there- 
fore, had  no  opportunity  to  assist  in  the  plans  for  the  reconstruc- 
tion of  the  city.  The  Mayor,  however,  placed  the  following  in- 
dividual members  on  the  Committee  of  Forty,  as  members  of  the 
sub-committees  named  below,  so  that,  in  effect,  the  Association 
tion  of  the  city.  The  Mayor,  however,  placed  the  following  in- 
struction as  were  made  at  that  time: 

On  the  Sub-committee  on  Water  Supply  and  Fire  Protection. — 
Messrs.  C.  H.  McKinstry,  V.  G.  Bogue,  A.  M.  Hunt,  C.  D.  Marx, 
Edwin  Duryea,  Jr.,  and  Marsden  Manson. 

On  the  Suh-committee  on  Reservoirs  and  Parks. — Mr.  Marsden 
Manson. 

On  the  Suh-committee  on  Street  AY  idenings  and  Extensions.* — 
Messrs.  V.  G.  Bogue,  and  Edwin  Duryea,  Jr. 

On  the  Suh-committee  on  Statistics. — Messrs.  Marsden  Man- 
son,  C.  H.  McKinstry,  V.  G.  Bogue,  and  Edwin  Duryea,  Jr. 

On  the  Revision  of  Building  Laws. — Mr.  J.  D.  Galloway. 

On  the   Committee  of  Sixty. — In  the  first  few  days  after  the 

*  William  Hood,  M.  Am.  Soc.  C.  E.  (not  a  member  of  the  Association,  or  of  the 
Committee  of  Forty),  also  joined  in  the  work  of  this  sub-committee,  by  invitation. 


PLATE  XVII. 

PAPERS,    AM.  SOC.   C.   E. 

MARCH,   1907. 

REPORTS  OF  COMMITTEES  ON 

SAN   FRANCISCO    EARTHQUAKE. 


RLI.Ihl     \\\P 

LIKOk'M  \ 


Fig.  1.— Relief  Map  of  California. 
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fire,  very  important  aid  was  rendered  to  the  city  by  two  members 
of  the  Association,  Messrs.  George  L.  Dillman  and  A.  M.  Hunt, 
the  former  having  been  in  charge  of  the  emergency  restoration  of 
the  water-supply,  and  the  latter  of  the  emergency  restoration  of 
lighting  and  transportation. 

The  Association,  not  being  needed  to  aid  the  city  as  a  body, 
then  devoted  its  whole  attention  to  the  second  phase  of  the  subject: 
A  study  of  the  earthquake  effects,  as  showing  needed  improve- 
ments in  the  design  of  engineering  works.  At  the  first  meeting, 
April  28th,  several  committees  were  appointed  by  the  Board  of 
Direction  for  this  purpose.  The  personnel  of  these  committees, 
as  afterward  completed,  is  given  at  the  beginning  of  the  report 
of  each  committee. 

Through  these  committees,  the  Association  has  studied  the 
physical  effects  of  the  earthquake  and  fire,  with  the  results  shown 
in  the  accompanying  committee  reports.  It  is  believed  that  the 
data  thus  gathered  and  the  conclusions  deduced  therefrom  are  of 
permanent  benefit  to  the  profession,  and  therefore  they  are  pre- 
sented for  publication  in  the  records  of  the  Society.  It  is  be- 
lieved that  after  publication  there  will  be  a  full  discussion  of  the 
several  subjects  by  the  members  of  the  Association  in  San  Fran- 
cisco, as  well  as  by  the  Society.  As  far  as  practicable,  all  questions 
dealing  with  the  earthquake  effects  will  be  answered  by  members 
of  the  Association  who  have  had  special  opportunities  for  observ- 
ing the  facts. 

Before  closing  the  report  of  the  General  Committee,  it  seems 
proper  to  give  a  brief  abstract  of  the  conclusions  reached  by  each 
committee. 

It  must  be  understood  that  the  Association,  as  a  body,  is  not 
responsible  for  the  conclusions  reached  by  the  several  Committees, 
and  that  the  General  Committee  does  not  necessarily  concur  in  all 
of  them.  Differences  of  opinion  are  sure  to  exist,  and  will  no 
doubt  be  brought  out  fully  in  the  discussion. 

Committee  on  Geology.* 

(1) — "The  earthquake  of  April  18th,  1906,  was  due  to  the  re- 
lief of  accumulating  stresses  in  the  earth's  crust,  by  a  movement 
along  a  previously  known  fault-plane." 

*  The  personnel  of  this  and  other  Committees  mentioned  in  this  report  is  given 
with  the  reports  of  each  Committee,  printed  in  the  following  pages. 
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(2) — "While  the  time  of  occurrence  of  such  movements  cannot 
be  predicted,  the  relief  of  the  accumulated  stresses  gives  reasonable 
assurance  of  freedom  (within  the  area  afifected)  from  a  recurrence 
of  earthquakes  of  similar  intensity,  for  some  time — probably  at 
least  fifty  years." 

(3) — "By  reason  of  the  existence  of  this  and  many  other  fault- 
lines  in  California,  through  the  agency  of  which  stresses  may  be 
relieved  when  they  reach  the  danger-point,  earthquakes  of  greater 
intensity  than  the  recent  one  are  hardly  to  be  expected  even  in  the 
remote  future." 

(4) — "The  disastrous  results  following  the  recent  earthquake 
*■  *  *  were  largely  due  to  a  lack  of  safe  construction,  as  ordi- 
narily understood;  and,  if  the  lessons  which  may  be  drawn  from 
it  are  followed  in  the  future,  it  is  believed  that  the  Pacific  Coast 
can  be  made  safe  as  a  habitation  and  field  of  investment,  as  far 
as  earthqviakes  may  affect  conditions." 

Committee  on  Buildings. 

(1) — Earthqualce  Effects. — "Sufficient  evidence  is  at  hand  to 
warrant  the  statement  that  a  building  designed  with  a  proper  sys- 
tem of  bracing  to  withstand  wind  at  a  pressure  of  30  lb.  per  sq.  ft. 
will  resist  safely  the  stresses  caused  by  a  shock  of  an  intensity  equal 
to  that  of  the  recent  earthquake." 

"The  prime  requisite  of  the  structure  is  elasticity.  *  *  * 
To  this  requirement,  the  building  with  a  timber  or  steel  frame 
answers  very  well.  The  reinforced  concrete  structure  does  so  also, 
with  *  *  *  exceptions  *  *  *,  The  building  with  stone, 
brick  or  block  construction,  having  horizontal  mortar  joints,  does 
not  answer  the  requirement  at  all.  It  may  be  stated,  as  one  of  the 
most  obvious  lessons  of  the  earthquake,  that  brick  walls,  or  walls 
of  brick  faced  with  stone,  when  without  an  interior  frame  of 
steel,  are  hopelessly  inadeqiiate.  As  a  method  of  building  in  earth- 
quake countries,  such  types  are  completely  discredited." 

"Foundations  did  not  suffer  at  all,  no  instances  of  any  damage 
having  come  to  hand.  ^  *  ^  The  evidence  is  that  foundations 
well  built,  along  accepted  lines,  are  adequate." 

"It  may  be  questioned  whether  difference  in  workmanship  was 
not  responsible  for  many  of  the  results.  While  it  is  true  that  good 
workmanship  gave  better  results  than  ordinary,  it  is  still  the 
opinion  of  the  writers  that  it  was  mainly  a  question  of  design. 
*■  *  *  Speaking  generally,  buildings  of  brick  walls  and  wooden 
interiors  cannot  be  built  which  will  not  be  wrecked  in  a  severe 
shock,  it  being  a  fault  of  design  and  not  of  materials  or  work- 
manship." 
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Fig.  1.— Furrow  Along  Fault  Line  Near  San  Andreas  Reservoir. 


Fig.  3.— Displacement  of  Soil  in  Valley  op  Pajaro  River.    This  is  Not  on  the  Fault 
Line,  but  Shows  the  Character  of  Settlements  in  Alluvial  Deposits. 
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(2) — Damage  hy  the  Fire. — "All  materials  were  destroyed  when 
directly  exposed  to  the  fire  for  any  length  of  time.  Brick,  terra 
cotta,  granite,  marble,  sandstone,  steel,  cast  iron,  concrete,  plaster, 
cement,  timber — all  failed.  Especial  emphasis  is  placed  on  this 
point.  Anyone  with  an  interst  in  any  one  material  can  find  evi- 
dence to  support  a  claim  for  it;  yet,  impartial  observation  leads 
to  the  conclusion  that,  when  a  material  was  subjected  to  what 
would  be  considered  a  test  fire,  it  was  destroyed." 

"No  foundations  were  found  injured  by  the  fire." 

"The  steel  frames  were  the  least  injured  of  any  part  of  the 
various  structures.  Where  properly  protected,  there  was  no  injury. 
Where  the  protection  was  faulty,  or  where  there  was  none,  the  de- 
struction was  complete." 

"A  logical  deduction  from  the  statement  that  all  materials  were 
destroyed  is  the  conclusion  that  all  structural  parts  of  a  building, 
of  whatever  material  constructed,  must  be  protected  by  another 
material  which  will  be  a  more  or  less  complete  loss  in  a  fire.  This 
applies  to  a  steel  frame,  to  floors  of  any  type,  and  to  roofs.  It  is 
impossible  to  protect  some  parts,  such  as  fronts,  partitions,  and 
other  parts  directly  exposed." 

"Any  deductions  from  the  fire  must  be  those  based  iipon  a 
general  conflagration,  and  not  those  of  an  isolated  fire.  In  view 
of  the  complete  destruction  of  all  material,  it  becomes  a  question 
as  to  what  should  be  done  to  make  a  building  fire-proof.  *  *  * 
The  only  statement  that  can  be  offered  is  that  the  best  insurance 
for  buildings  would  be  the  isolation  of  a  district  containing  noth- 
ing but  fire-proof  structures.  A  general  conflagration  would  then 
be  impossible." 

Committee  on  Water- Works. 

"First. — That  greater  attention  in  the  future  should  be  given 
to  the  avoidance,  when  possible,  of  threatening  geologic  faults, 
in  the  location  of  important  water-works  structures,  than  has  some- 
times been  given  in   the  past." 

"Second. — That  skillfully  designed  and  well-built  earthen  dams 
are  structures  proven  by  the  great  earthquake  of  April  18th,  1906, 
to  be  of  great  stability,  and  deserving  of  increased  confidence." 

"Third. — That  concrete  dams  of  gravity  section  are  able  to 
withstand  earthquake  shocks  of  great  severity  without  damage." 

"Fourth. — That  distributing  reservoirs,  pumping  machinery, 
elevated  tanks  and  stand-pipes,  if  made  secure  as  to  foundations, 
and  intelligently  designed  along  lines  of  the  best  accepted  prac- 
tice, will  be  found  capable  of  withstanding  earthquake  shocks  suffi- 
ciently severe  to  work  the  general  destruction  of  most  buildings." 

"Fifth. — That  pipe  lines  or  conduits,  of  any  character  whatever. 
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are  almost  certain  to  fail  when  intersected  by  a  plane  of  large 
movement,  whether  that  movement  be  in  the  nature  of  a  faulting, 
or  of  a  sliding  or  settling  of  the  earth  in  consequence  of  earth- 
quake shock;  and  that  in  choosing  locations  for  such  structures 
it  is  prudent,  as  far  as  practicable,  to  avoid  localities  subject  to 
such  movements." 

"That  in  planning  distributing  systems  for  cities,  the  im- 
portant supply  pipes  should  be  located  along  routes  carefully 
selected  for  stability;  and  that  areas  liable  to  serious  disturbance 
should  be  so  segregated  in  the  piping  system  as  to  make  them 
easily  and  quickly  separable  from  the  remainder  of  the  system." 

"Sixth. — That  close  adherence  should  be  given  to  the  recog- 
nized standards  of  the  best  present  practice,  such  as  the  use  in 
distributing  systems  of  an  abundance  of  suitably  placed  gates  for 
isolating  different  pipes  and  different  sections;  the  preservation 
of  such  gates  in  working  condition;  and  having  their  location  easily 
ascertainable,  both  in  the  street  and  from  the  office  records;  the 
duplication,  along  widely  separated  routes,  of  the  critically  im- 
portant main  supply  pipes;  the  maintenance  in  as  close  proximity 
as  may  be  to  the  centers  of  use  of  an  ample  storage  supply  of 
water;  and  the  use  of  types  of  substantial  design  in  working  out 
plans  for  structures  subject  to  possible  earthquake  shock." 

Committee  on  Lighting  and  Street-Railway  Transportation. 

"The  injury  caused  to  the  street-car  tracks  was  relatively 
slight,"  and  only  "on  ground  that  had  been  filled." 

"The  slots  of  cable  roads  *  *  *  (with  few  exceptions)  were 
found  closed  *  *  *  only  in  the  burned  district,  and  the  evi- 
dence points  to  its  being  due  mainly  to  expansion  caused  by  the 
excessive  heat.  The  fact  that  the  Geary  Street  Line,  which  is  a 
cable  road,  operated  for  several  hours  after  the  earthquake,  is  very 
pertinent."  The  cable  roads,  however,  were  put  entirely  out  of 
use  by  the  fire  and  the  falling  debris. 

"Many  of  the  trolley  lines  outside  of  the  burned  district  *  *  * 
could  have  been  operated  at  any  time,"  except  for  "the  fire-hazard 
from  the  tangle  of  other  wires.  The  trolley  lines  unquestionably 
substantiate  the  claim  that  such  a  system  is  flexible,  and  admits 
of  emergency  work  to  an  extent  not  equalled  by  any  other." 

The  street-railroad  power-houses  were  but  little  injured  except 
by  the  falling  of  a  brick  stack  and  the  collapse  of  a  roof.  "Brick 
stacks  *  *  *  were  in  most  instances  broken  off,  while  well- 
guyed  steel  stacks  stood  without  injury." 

With  one  exception,  "the  various  gas-works  were  uninjured. 
The  damage  to  mains  was  principally  due  to  explosions.     As  ser- 
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Fig.  1.— Earthquake  Damage  to  Colonnades,  Stanford  University.    Note 
Construction  of  Spandrels. 


Fig.  2. — Earthquake  Damage  to  Library  of  Stanford  University. 
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vice  was  gradually  restored,  it  was  found  that  the  house  pipes,  ex- 
cept in  very  few  instances,  were  not  damaged." 

Electric  lighting  plants  were  but  little  injured  by  the  earth- 
quake, but  the  fire  destroyed  many  sub-stations  and  overhead  dis- 
tributing lines.  "The  underground  conduit  system  and  the  Edison 
tubing  came  through  both  earthquake  and  fire  in  very  good  shape." 

Committee  on  Sewers.* 

jSTo  report  has  as  yet  been  made  by  this  committee,  it  is  said 
because  the  injury  to  sewers  cannot  be  known  conclusively  until 
after  the  first  heavy  rain.  From  a  letter-j-  written  by  H.  D.  Connick, 
one  of  the  members  of  the  committee,  and  the  Assistant  Engineer 
in  charge  of  San  Francisco's  sewers,  the  following  information  is 
condensed : 

In  the  rocky  portions  of  San  Francisco  the  sewers  were  not 
affected.  In  portions  where  the  rock  was  overlaid  with  sand,  there 
were  no  permanent  displacements  except  where  the  original  ground 
supported  a  fill;  in  such  areas  settlements  occurred,  and  the  sewers 
were  destroyed.  In  filled-in  tidal  areas,  marsh-lands  and  swamps 
there  was  considerable  movement  in  a  number  of  places  (the  great- 
est near  16th  St.  and  Valencia  St.,  where  the  settlement  was  5  ft. 
and  the  lateral  movement  6  ft.)  and  in  all  such  disturbed  areas 
the  sewers  were  destroyed. 

All  the  masonry  sewers  injured,  with  one  exception,  were  con- 
structed, a  number  of  years  ago,  of  brick  laid  in  a  poor  quality  of 
lime  mortar — in  fact,  in  many  old  sewers  there  is  nothing  but 
sand  in  the  joints  of  the  brickwork. 

In  San  Francisco  a  reinforced  concrete  sewer,  on  a  pile  founda- 
tion, where  the  ground  does  not  furnish  suitable  support,  will  prob- 
ably give  the  best  satisfaction. 

It  is  believed  that  $100  000  will  cover  the  total  damage  to  the 
San  Francisco  sewers  by  the  earthquake. 

Committee  on  Railway  Structures. 

"The  structures  peculiar  ta  railroads  which  were  affected,  are 
embankments,  trestles,  bridges,  tunnels,  and  water  and  oil  tanks." 

Embankments. — These  settled  more  or  less  where  they  crossed 
marshes  or  were  underlaid  by  soft  strata.  In  one  instance  (across 
a.  tule  marsh)  the  settlement  was  as  much  as  11  ft.,  while  in  an- 
other case  (miles  from  the  fault)  a  settlement  of  only  6  in.  was 
accompanied  by  a  horizontal  displacement  of  3  ft. 

Trestles. — The  damage  to  trestles  was  small,  except  on  the  North 

*  This  Committee   consisted    of   Messrs.  Marsden  Manson,  H.  Kower.  and    H.   D. 
Connick. 

+  Engineering  Neivs,  September  20th,  1906. 
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Shore  Railroad,  where  a  trestle  of  framed  bents  on  piles,  600  ft. 
long  and  70  ft.  high,  was  thrown  down,  and  portions  of  another 
trestle  were  thrown  entirely  off  the  piles,  the  piles  themselves  be- 
ing moved  down  stream.  These  trestles  were  across  soft  ground, 
and   near   the   fault-line. 

Bridges. — "Draw-bridges  *  *  *  around  San  Francisco  Bay, 
being  generally  on  soft  ground,  were  affected  by  a  slight  movement 
of  their  piers,  in  many  cases  resulting  in  the  bridge  binding  so  that 
it  could  not  be  opened  vmtil  some  repairs  were  made." 

"A  steel  draw-bridge,  over  Petaluma  Creek,  was  open  at  the 
time  of  the  earthquake,  and  was  thrown  off  its  center  2  ft.  to  the 
east  and  1  ft.  to  the  north.  It  was  a  220-ft.  span,  and  on  four 
iron  cylinders,  filled  with  concrete,  on  pile  foundations." 

Fixed  spans,  with  a  few  exceptions,  were  not  affected  seriously. 
Where  affected  it  was  by  a  movement  of  the  piers  or  abutments 
relatively  to  each  other. 

Tunnels. — "In  general,  tunnels  seem  to  have  been  affected  only 
by  the  displacement  or  loosening  of  the  material  in  the  sides  and 
roof,  caused  by  the  shaking  of  the  ground.  The  effect  of  this  was 
to  crush  the  timbers." 

"The  new  tunnels  being  constructed  by  the  Southern  Pacific 
Railroad  on  the  Bay  Shore  line,  in  the  southern  part  of  San  Fran- 
cisco, were  not  injured  at  all." 

Tanks. — "Several  tanks  on  the  different  roads  were  thrown 
down.  In  all  cases,  however,  these  were  on  wooden  or  cast-iron 
frames,  not  braced  to  withstand  the  twisting  motion  which  accom- 
panied this  earthquake.  Tanks  on  riveted  frames  did  not  fall, 
though  in  several  instances  they  were  severely  damaged  and  thrown 
out  of  plumb." 

Overturned  Cars,  etc. — "At  Chittenden  Station,  *  *  *  three 
standing  box-cars,  two  of  them  loaded,  were  turned  over." 

"A  narrow-gauge  passenger  train,  consisting  of  engine  and  three 
ears,  standing  on  the  track  at  Point  Reyes,  was  thrown  over  on 
its  side." 

"A  freight-train,  running  near  Chittenden  Station,  was  de- 
railed." 

Committee  on  Highway  Structures. 

No  final  report  has  as  yet  been  received  from  this  committee. 
As  far  as  ascertained,  the  earthquake  did  very  little  damage  to 
highway  bridges. 

The  reports  in  full  of  the  several  committees  appointed 
as  stated  in  this  report  will  be  found  in  the  Appendix.  It  is  hoped 
they  will  bring  out  a  full  discussion  from  engineers  who  are  in- 
terested in  the  effects  of  earthquakes  on  engineering  structures. 
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Fig.  1.-  EARTHc^rAKE  Damage  to  Library  of  Stanford  University. 


Fig.  2.— Earthquake  Damage  to  Museum  of  Stanford  University.     Reinforced  Con- 
crete Section  on  the  Left,  with  Connecting  Portion  of  Brick 
IN  the  Center  and  on  the  Right. 
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AF»P»EISri3IX    A. 


REPORT  OF  COMMITTEE  ON  THE  GEOLOGY  OF  THE 
EARTHQUAKE. 


Committee  : 
H.  L.  Haehl,  Otto  von  Geldern,  Luther  Wagoner,  C.  E.  Gilman. 


At  5.12  A.  M.  on  April  18th,  1906,  a  violent  earthquake  shock 
vpas  felt  throughout  the  western  portion  of  CentraL  California.  The 
shock  lasted  about  one  minute,  and  it  has  been  followed,  to  date 
(August,  1906),  by  a  series  of  lesser  shocks  gradually  diminishing 
in  intensity  and  frequency.  Much  damage  was  done  to  buildings 
by  the  first  shock  (particularly  in  San  Francisco,  Santa  Rosa, 
San  Jose,  and  Stanford  University),  and  several  hundred  lives 
were  lost.  Disastrous  fires  broke  out  in  San  Francisco  and  in 
Santa  Rosa,  and  the  damage  from  earthquake  was  multiplied  many 
times  by  their  ravages. 

The  damage  to  buildings,  while  large,  was  confined  to  those 
faiilty  either  in  design  or  in  construction.  Carelessness  in  ful- 
filling contracts,  and  inadequate  building  inspection,  are  responsi- 
ble for  most  of  the  loss  by  earthquake.  Aside  from  the  injuries  to, 
and  by  reason  of,  the  structures  of  Man,  there  is  nothing  to  in- 
dicate a  calamity,  except,  perhaps,  on  the  fault  line,  to  be  hereafter 
described.  The  face  of  the  earth  is  unchanged,  and  neither 
vegetable  nor  animal  life  has  suffered.  The  results,  so  disastrous 
to  buildings  and  engineering  structures,  can  and  will  be  provided 
against  in  the  future,  and  a  study  of  the  geological  elements  of 
the  disturbance  reveals  no  reason  why  California  need  expect  earth- 
quakes of  such  intensity  as  to  render  structures  dangerous,  if 
properly  designed  and  honestly  built.  Luckily,  the  cause  of  the 
earthquake  is  now  well  known,  and  was,  indeed,  immediately  sus- 
pected by  all  geologists  familiar  with  the  geology  of  the  Coast 
region. 

It  is  known  that  the  earth's  crust  has  been  and  is  now  being 
distorted,  fractured  and  displaced;  but  geologists  deal  with  a  unit 
of  time  which  is  beyond  the  ordinary  comprehension,  and  it  is  only 
occasionally  that  an  acceleration  of  these  movements  brings  them 
fairly  before  the  lay  mind,  and  calls  attention  to  the  fact  that, 
while  we  have  been  considering  the  earth  as  something  fixed  and 
stable,  stability  is  only,  a  relative  term. 

Many  theories  have  been  advanced  to  explain  the  phenomena 
of  earth  movement;  in  fact,  the  causes  themselves  are  probably 
many  in  number,  complex  in  character,  and  but  imperfectly  under- 
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stood.  Movements  not  accompanied  by  volcanic  phenomena 
(tectonic)  are  believed  by  some  to  be  due  to  the  contraction  of  the 
earth's  crust  in  cooling,  while  others  hold  that  they  are  due  to  the 
expansion  of  the  surface  by  reason  of  heat  rising  from  within. 
The  transportation  of  enormous  quantities  of  material  from  one 
portion  of  the  earth's  crust  to  another  by  the  denuding  and  de- 
positing action  of  streams  is  also  believed  gradually  to  set  up 
strains  in  the  earth's  strata  which  in  the  end  cause  fracture  and 
movement.  The  idea  that  barometric  pressure  and  the  moon's 
phases  are  causes  of  earth  fractures  and  the  resulting  earthquakes 
has  been  abandoned;  yet  scientists  feel  that  tidal  strains  due  to  the 
attraction  of  terrestrial  bodies  may  at  times  at  least  assist  in  bring- 
ing about  earth  movements. 

Whatever  the  causes,  it  is  certainly  clear  that  in  the  earth's 
crust  stresses  exist  which  accumulate  to  the  point  of  breaking  the 
strata  and  causing  distinct  movements,  sometimes  slow  and  uni- 
form, and  sometimes  rapid  and  spasmodic.  The  more  rapid  move- 
ments are  classed  under  three  heads: 

First. — Volcanic  disturbances,  explosive  in  character,  due  prob- 
ably to  the  explosion  or  condensation  of  gases  which  accumulate 
beneath  the  earth  crust,  and  confined  to  areas  of  volcanic  activity. 

Second. — The  breaking  of  strata  under  stresses.  Evidences  of 
this  are  common.  Beds  originally  depos^ited  in  horizontal  layers 
are  found  up-tilted  at  all  angles,  and  sometimes  completely  re- 
versed in  sharp,  closely  pressed  folds. 

Third. — Rock  masses  slipping  one  against  another,  either  hori- 
zontally or  vertically,  along  planes  of  fracture  or  faulting.  These 
fault  planes  extend  into  the  earth  to  unknown  depths,  and  the 
lines  of  faulting  can  often  be  traced  for  hundreds  of  miles  along 
its  surface.  They  are  the  safety  valves  of  their  particular  locali- 
ties; the  lines  of  weakness,  or  of  least  resistance,  along  which  the 
accumulating  strains  of  the  earth's  crust  are  relieved. 

It  was  a  horizontal  movement  of  this  last  type,  along  a  well- 
known  fault  line,  which  set  up  the  vibrations  of  the  earth's  crust 
which  constituted  the  earthquake  of  April  18th.  It  should  be 
borne  in  mind  that  there  is  a  marked  distinction  between  an  earth 
movement,  as  here  referred  to,  and  an  earthquake.  They  are  cause 
and  effect.  The  recent  earth  movement  along  the  particular  fault 
line  responsible  for  the  location  of  the  earthquake  has  been  ob- 
served to  be  as  great  as  10  to  20  ft.,  measured  by  offsets  in  fences 
and  roads,  yet  the  amplitude  of  the  resulting  earthquake  at  Mount 
Hamilton,  13  miles  east  of  San  Jose,  recorded  by  the  seismographic 
apparatus  of  the  Lick  Observatory  was  only  2.03  in.  The  earth 
movement  is  believed  to  have  been  felt  in  San  Francisco  and  Oak- 
land as  a  gentle  shifting  to  the  southeast,  probably  coincident  with 
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the  destructive  movements,  and,  by  reason  of  its  amplitude,  was 
not  recorded  by  instruments.  It  is  evident  that  the  movement  of 
a  rock  mass  many  miles  in  length,  slipping  for  10  or  20  ft.  along 
a  great  fracture,  would  cause  violent  tremors  to  pass  through  the 
earth  for  many  miles,  diminishing  in  intensity  as  they  traveled 
away  from  the  fault  line.  It  must  also  be  apparent  that  such  a 
movement  may  be  followed  by  a  series  of  minor  movements  and 
adjustments  of  the  fractvired  zone,  each  causing  its  smaller  earth- 
quake, and  that  these  might  be  expected  to  last  for  weeks  or  months 
and  to  diminish  in  intensity  and  frequency  until  a  state  of  rela- 
tive equilibrium  was  again  established.  The  past  history  of  earth- 
quakes records  this  decreasing  scale  of  intensity  of  shocks,  and, 
while  it  may  not  be  laid  down  as  an  exact  law,  the  experience  has 
been  so  general  that  it  may  be  accepted  as  one,  within  certain 
limits. 

An  examination  of  the  relief  map  of  California,  Fig.  1,  Plate 
XVII,  reveals  the  fact  that  the  State  is  traversed  by  many  im- 
portant valleys  having  axes  which  are  approximately  parallel.  As 
might  be  expected,  geological  study  shows  these  to  be  fault  valleys, 
the  troughs  of  which  are  originally  due  to  fracture  and  displace- 
ment of  the  earth's  crust,  rather  than  to  the  cutting  action  of 
streams.  The  entire  western  coastal  region  of  the  continent  is 
characterized  by  these  fault  lines.  They  are  directly  responsible 
for  the  number  of  earthquakes  in  these  localities,  in  that  they 
give  way  and  relieve  the  stresses  in  the  earth's  crust.  Earthquakes, 
therefore,  are  frequent,  but  in  the  main  not  intense.  It  is  certainly 
open  to  question  if  such  a  region  is  not  preferable  to  those  that 
have  no  such  safety  valve,  and  whose  disturbances,  while  rare,  may 
be  too  intense  to  be  provided  against  successfully.  Destructive 
earthquakes  of  greater  intensity  have  certainly  occurred  in  other 
parts  of  the  United  States,  less  populous,  and  without  the  publicity 
given  by  an  unprecedented  fire. 

The  San  Andreas-Stevens  Creek  fault  line,  along  which  the 
movement  took  place  in  this  instance,  has  been  indicated  by  a  line 
on  the  relief  map  (Fig.  1,  Plate  XVII),  and  also  upon  the  map. 
Fig.  1.  The  directions  of  the  relative  lateral  movement  are  shown 
by  the  arrows.  The  vertical  movement,  if  any  occurred,  was  slight. 
The  geological  section,  AB,  Fig.  2,  shows  in  a  general  way  the 
geological  structure  along  a  section  through  the  Coast  Ranges  and 
Santa  Clara  Valley  near  San  Jose,  indicated  and  lettered  AB  on 
Fig.  1.  The  fault  line  crosses  the  section  at  Stevens  Creek.  It 
will  be  noted  that  San  Jose  stands  upon  a  deep  alluvial  deposit, 
in  which  borings  1 100  ft.  deep  have  not  encountered  bed-rock. 
The  unstable  character  of  these  deposits  is  doubtless  responsible 
for  the  unusual  extent  of  the  damage  done  by  the  earthquake  in 
San  Jose. 
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The  section  shown  is  somewhat  typical  of  the  structure  adjacent 
to  the  fault  line  throughout  the  region  south  of  San  Francisco. 
There  are  fault  lines  also  on  either  side  of  the  Stevens  Creek 
fault,  but,  as  far  as  known,  no  movement  recently  occurred  along 
them.  The  fault  line  indicated  on  the  eastern  side  of  the  valley, 
however,  is  probably  one  along  which  movement  occurred  in  1868 
when  a  shock  of  some  importance,  but  lacking  much  of  being  equal 
in  intensity  to  that  of  April  18th,  did  some  damage. 

The  fault  block  lying  between  the  fault  along  the  eastern  side 
of  Santa  Clara  Valley  and  the  San  Andreas- Stevens  Creek  fault 
has  undergone  a  series  of  movements  since  Miocene  time,  as  a  part 
of  the  geologically  active  Coast  Ranges.  It  has  also  experienced 
an  uplift  on  the  western  side,  with  a  coincident  downthrow  on  the 
eastern  side,  at  some  time  since  the  Pliocene,  as  is  evidenced  in 
this  section  by  the  up-tilted  Pliocene  gravels  making  up  the  hill- 
sides on  the  west  side  of  the  Santa  Clara  Valley.  The  San 
Andreas-Stevens  Creek  fault  line  has  been  subjected  to  even  more 
recent  movements ;  it  was  therefore  poorly  cemented,  and  was  the 
first  to  give  way  under  the  accumulating  strain. 

Map  A  (Fig.  1)  shows  the  location  of  the  fault  line  from 
Bodega  Head  to  a  point  in  the  Coast  Ranges  west  of  San  Jose. 
The  region  near  Olema,  shown  on  this  portion  of  the  fault  line, 
is  believed  to  have  sustained  the  greatest  movement.  The  greatest 
damage  done  was  adjacent  to  the  portion  of  the  fault  line  within 
the  limits  of  this  map.  The  rift  has  been  traced  in  detail  from 
near  Point  Arena,  in  Mendocino  County,  on  the  north,  to  near 
San  Juan,  in  San  Benito  County,  on  the  south — about  185  miles. 
Topographic  features  and  scattering  reports  of  fractures  observed 
indicate  that  the  fault  line  probably  extends  beyond  these  limits, 
both  northward  and  southward,  and  further  investigation  may 
develop  connected  evidences  of  movement  on  these  extensions. 
However  this  may  be,  the  already  well-defined  rift  is  of  sufficient 
length  to  indicate  a  profound  fracture  which  must  extend  to  great 
depths  below  the  earth's  crust. 

It  will  be  noted  on  the  accompanying  maps  that  the  line  of  the 
fault  is  characterized  by  a  series  of  long,  narrow  valleys,  com- 
paratively straight  sections  of  'creek  beds,  and  saddles  in  mountain 
ridges.  The  scarps,  sink  holes  and  troughs  peculiar  to  fault  lines 
along  which  recent  movements  (geologically  speaking)  have  oc- 
curred are  all  in  evidence  along  this  line,  and  had  been  recognized 
and  studied  in.  some  detail  by  the  geologists  of  the  California 
universities.  After  the  earthquake,  a  movement  was  at  once  sus- 
pected along  this  well-known  line,  and  subsequent  investigation 
resulted  in  a  verification  of  the  work  of  location  previously  made. 
The  exact  location  of  the  line  of  fracture  is  made  evident  by  a 
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SKELETON   MAP  OF   A   PORTION   OF  ZONE  OF 

CALIFORNIA  EARTHQUAKE  OF  APRIL  18TH,  1906. 

bhowing  topographic  features  along  fault  line. 

SCALE  OF  MILES 
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furrow  several  feet  in  width  across  the  open  fields  and  bare  hills. 
The  furrow  takes  on  the  nature  of  plowed  ground,  with  occasional 
cracks,  both  longitudinal  and  transverse,  and  is  remarkably  straight. 
Through  the  forests  the  line  is  traceable  by  trees  uprooted, 
shattered,  or  leaning.  Everywhere,  roads,  fences  and  conduits  are 
offset  or  telescoped.  The  accompanying  photographs  on  Plates 
XVII  and  XVIII,  give  some  indication  of  the  character  of  the 
fault    line   phenomena. 

In  conclusion,  it  may  be  stated: 

That  the  California  earthquake  of  April  18th  was  due  to  the 
relief  of  accumulating  stresses  in  the  earth's  crust,  by  a  movement 
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along  a  previously  known  fault-plane  whose  fracture,  by  reason 
■of  geologically  recent  movement,  offered  a  line  of  least  resistance; 

That,  while  the  time  of  occurrence  of  such  movements  cannot 
be  predicted,  the  relief  of  the  accumulated  stresses  gives  reason- 
able assurance  of  freedom  from  a  recurrence  of  earthquakes  of 
similar  intensity,  within  the  area  affected,  for  some  time — probably 
at  least  fifty  years; 

That,  by  reason  of  the  existence  of  this  and  many  other  fault- 
lines  in  California,  through  the  agency  of  which  stresses  may  be 
relieved  when  they  reach  the  danger-point,  earthquakes  of  greater 
intensity  than  the  recent  one  are  hardly  to  be  expected,  even  in 
the  remote  future; 
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That  the  disastrous  results  following  the  recent  earthquake,  both 
as  to  loss  of  life  and  property,  were  largely  due  to  a  lack  of  safe 
construction,  as  ordinarily  understood;  and,  if  the  lessons  which 
may  be  drawn  from  it  are  followed  in  the  future,  it  is  believed 
that  the  Pacific  Coast  can  be  made  safe  as  a  habitation  and  field 
of  investment,  as  far  as  earthquakes  may  affect  conditions. 
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APPENDIX    B. 


REPORT  OF   COMMITTEE  ON  FIRE   AND  EARTHQUAKE 
DAMAGE  TO  BUILDINGS. 


Committee  : 

J.  D.  Galloway,  M.  C.  Couchot,  C.  H.  Snyder, 

Charles  Derleth,  Jr.,  C.  B.  Wing. 


The  earthquake  in  the  western  portion  of  California,  and  the 
resulting  fires  in  San  Francisco  and  Santa  Rosa  on  April  18th, 
1906,  caused  a  general  destruction  of  engineering  structures  which 
is  of  interest  to  many  engineers. 

It  may  be  .stated  that  this  report  has  been  delayed  in  order  that 
as  complete  data  as  possible  might  be  obtained.  The  damage  by 
fire  and  earthquake  was  extensive;  and,  in  the  case  of  fire  damage, 
the  effect  on  concealed  parts  was  hidden,  and  could  only  be  ascer- 
tained when  the  buildings  were  stripped.  This  can  hardly  be  said 
to  be  complete  as  yet,  but  it  was  felt  that  the  report  could  not  be 
<ielayed  any  longer  for  that  reason. 

Some  members  of  the  committee  have  been  employed  in  a  pro- 
fessional capacity  in  the  examination  of  damaged  buildings.  These 
statements,  when  considered  in  connection  with  the  press  of  busi- 
ness in  an  extraordinary  period,  must  be  taken  as  the  excuse  for 
not  furnishing  to  the  profession  an  earlier  report. 

The  region  affected  by  the  destructive  effects  of  the  shock  was 
some  300  miles  long  by  50  miles  broad,  and  covered  the  most 
populous  part  of  the  State,  including  the  cities  of  Santa  Cruz, 
San  Jose,  Alameda,  Oakland,  Berkeley,  San  Francisco,  Napa  and 
Santa  Rosa,  besides  a  number  of  smaller  towns.  No  attempt  is 
made  here  to  enter  into  a  detailed  study  of  the  shock,  or  its  cause, 
such  topics  being  treated  by  the  Committee  on  Geology. 

The  shock  was  followed  by  destructive  fires  in  San  Francisco 
and  Santa  Rosa,  which  destroyed  the  entire  business  districts  of 
both  places.  The  area  burned  over  in  San  Francisco  slightly  ex- 
ceeded 4  sq.  miles.  Santa  Rosa  had  a  population  of  about  8  000,  and 
its  entire  business  district  was  burned.  A  number  of  institutions, 
such  as  Stanford  University  at  Palo  Alto,  the  State  Hospital  for 
the  Insane  at  Agnews,  and  St.  Patrick's  Academy  at  Menlo  Park, 
were  badly  wrecked. 

No  statistics  are  at  hand  as  to  the  number  of  people  killed, 
but  it  might  reach  750.  At  Agnews'  Asylum  112  people  were 
killed,  of  whom  more  than  100  were  patients. 
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It  is  not  believed  possible  to  locate  any  particular  place  as  the 
center  of  disturbance,  the  effects  being  about  the  same  in  all  parts 
of  the  area  named.  The  character  of  the  ground  had  considerable 
to  do  with  the  destructive  effects,  buildings  on  rocky  hills  suffering 
much  less  than  those  on  alluvial  plains. 

Any  consideration  of  the  damage  to  buildings  must  be  preceded 
by  a  description  of  the  type  of  buildings;  hence  this  report  is 
naturally  divided  into  three  parts,  namely: 

I. — Description  of  Buildings; 
II. — The  Earthquake  Damage; 
III. — The  Fire  Damage. 

I. — Description  of  Buildings. 

For  the  purposes  of  this  report,  buildings  are  divided  into  five 
types,  as  follows : 

Type  1. — Wood  frame  structures; 

Type  2. — Structures  with  brick,  stone  or  concrete  block  walls 

and  timber  floors  and  partitions; 
Type  3. — Structures    with    brick    and    stone    bearing    walls, 

metal  interior  frames,  and  fire-proof  floors; 
Type  4. — Structures   with  steel  frames  supporting   all   wall 

and  floor  loads; 
Type  5. — Reinforced   concrete  structures. 

It  must  be  recognized,  of  course,  that  there  were  various  com- 
binations of  these  tyi^es,  but  the  classification  is  sufiiciently  definite 
for  present  purposes.  Types  3  and  4  are  nearly  the  same,  but  both 
fire  and  earthquake  damage  differed  considerably  in  the  two. 

Building  methods  were  about  the  same  as  in  other  parts  of 
the  United  States,  and  hence  a  brief  description  is  deemed  suffi- 
cient. It  must  also  be  recognized  that  here,  as  elsewhere,  there 
was  much  difference  in  strvictures  placed  under  the  same  heading, 
the  well-braced  steel-frame  bviilding  standing  next  to  one  without 
any  attempt  to  supply  bracing  of  any  kind.  For  obvious  reasons, 
no  special  building  can  be  designated  as  being  thus  defective. 

Type  1. — Wood  Frame  Structures. — With  a  few  exceptions,  all 
residences,  including  2-story  and  3-story  flats,  in  the  territory 
named,  were  of  timber.  The  San  Francisco  ordinance  allowed  them 
to  be  built  45  ft.  high.  Some  higher  buildings  existed  in  San 
Francisco,  but  no  data  are  at  hand  regarding  earthquake  damage, 
as  they  were  burned.  The  construction  was  generally  with  stud- 
ding one  story  in  height,  the  succeeding  story  studding  resting 
upon  the  floor  joists.  Some  balloon  framing  was  used,  but  it  was 
not  general.   This  type  included  residences,  and,  in  some  small  towns 


316  REPORTS   ON    THE   SAN    FRANCISCO   EARTHQUAKE     [Papers. 

and  outside  the  fire  limits  in  the  larger  towns,  many  store  buildings 
were  built  in  this  way. 

Type  2. — Masonry  Walls,  Timher  Floors  and  Partitions. — This 
type  of  structure  formed  the  more  pretentious  buildings  of  the 
cities  and  towns  outside  of  San  Francisco,  and  also  the  buildings 
at  Stanford  University,  Agnews'  Asylum,  St.  Patrick's  Academy, 
and  County  Court  Houses.  In  San  Francisco,  the  great  majority 
of  business  blocks  were  of  this  type,  as  were  also  the  large  private 
hotels  and  apartment  houses.  Under  the  San  Francisco  building 
ordinance,  they  could  be  built  100  ft.  high,  or  8  stories.  Buildings 
of  2  or  3  stories  might  have,  with  the  brick  walls,  a  system  of 
timber  columns  and  girders,  or  a  partition  of  timber  studding, 
carrying  the  floors  and  roof.  In  higher  buildings,  cast-iron  or 
steel  columns  and  steel  girders  were  used  to  support  the  joists. 
Roofs  were  of  timber  framing,  covered  with  tin,  or  tar  and  gravel. 

The  Stanford  University  buildings  had  walls  of  brick  with  a 
facing  of  sandstone,  one  general  type  ruling  throughout.  Some 
of  the  older  buildings  had  full  stone  walls,  and  these  were  but 
slightly  injured.  They  were  built  by  various  architects.  In  some, 
wooden  roofs  without  trusses  were  used;  in  others,  steel  or  wooden 
trusses;  and  this  feature  had  a  marked  effect  in  determining  the 
amount  of  damage. 

The  Palace  Hotel,  an  8-story  structure,  occupying  a  large  lot, 
was  of  this  type,  honeycombed  with  interior  partitions  of  solid 
brick  walls,  tied  together  with  numerous  iron  anchors.  This  build- 
ing withstood  the  shock  well,  but  a  similarly  constructed  building 
at  Agnews'  Asylum  was  completely  wrecked.  Buildings  with 
hollow-block  walls  were  few  in  niimber;  one  of  4  stories  in  Oakland, 
one  at  San  Jose,  and  four  of  2  stories  at  Palo  Alto,  are  all  that 
have  been  noted,  although  others  may  exist. 

Type  S.— Masonry  Walls,  Metal  Interior  Frames,  and  Fire- 
Proof  Floors. — A  list  of '  the  buildings  of  this  type  in  San  Fran- 
cisco, with  details  of  construction,  is  given  in  Table  1. 

Outside  of  San  Francisco,  this  type  was  not  used,  except  for 
some  County  Court  Houses.  The  older  fire-proof  buildings  were 
of  this  type.  Generally,  the  walls  were  self-supporting  only, 
columns  carrying  all  floor  loads.  This  applies  to  buildings  of  8, 
9,  and  10  stories.  In  buildings  of  less  height,  generally,  the  floor 
load  next  to  the  wall  was  carried  by  the  wall.  Data  of  the  con- 
struction are  given  in  Table  1.  Very  little  attempt  at  bracing  was 
used  in  this  type,  the  Crocker  Building  offering  the  only  instance 
of  systematic  design,  and  that  not  being  very  effective.  All  had 
fire-proof  floors  and  partitions. 

Type  J/..- — Structures  with  a  Steel  Frame  Supporting  all  Wall 
and  Floor  Loads. — A  list  of  these  structures  in  San  Francisco,  with 
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details  of  construction,  is  given  in  Table  2.  Outside  of  San  Fran- 
cisco, there  were  but  few,  one  in  Berkeley,  of  7  stories;  two  in  Oak- 
land, the  highest  having  11  stories;  one  in  San  Jose  under  con- 
struction (steel  frame  up) ;  and  the  Spreckels  Sugar  Refinery 
near  Salinas,  of  5  stories.  All  were  built  with  fire-proof  floors  and 
brick  walls,  with  brick,  stone,  or  terra  cotta  fronts.  The  frame 
was  of  steel  in  all  cases  noted. 

Type  5. — Reinforced  Concrete  Structures. — Only  a  few  struc- 
tures of  this  type  existed  in  the  territory  affected,  and  these  were 
built  a  number  of  years  ago.  The  old  portion  of  the  Museum,  and 
Eoble  Hall,  at  Stanford  University,  were  built  after  the  Ransome 
system  but  little  I'einforcement  was  used  in  the  walls.  In  Ala- 
meda there  was  a  4-story  factory  building  built  on  the  same  sys- 
tem. At  Redwood  City  there  was  a  small  2-story  sub-station,  and 
in  San  Francisco  a  building  was  in  course  of  construction  with 
reinforced  concrete  columns  and  floors,  but  with  brick  walls.  The 
Academy  of  Sciences  had  a  complete  reinforced  concrete  floor  sys- 
tem on  cast-iron  columns.  There  was  a  1-story  factory  in  Berkeley, 
and  a  3-story  factory  near  Vallejo;  also,  two  residences  in  country 
towns.  As  far  as  known,  these  nine  instances  are  all  there  were 
in  the  earthquake  region. 

II. — The  Earthquake  Damage. 

It  is  probable  that  the  subject  of  earthquake  damage  will  be 
of  less  interest  than  that  of  the  fire  damage.  While  considerable 
that  has  been  learned  can  only  be  applied  in  earthquake  centers, 
still  there  are  many  interesting  points  applicable  to  other  regions. 
Again,  while  it  is  admitted  that  the  Pacific  Coast  of  the  American 
Continents  is  subject  to  earthquakes,  they  are  by  no  means  limited 
to  that  region.  The  Charleston  earthquake  or  the  one  early  in  the 
last  century  in  the  Mississippi  Valley,  while  not  as  severe  as  that 
in  California,  might  have  been  sufficient  to  destroy  water  supplies 
and  start  fires  in  any  large  city,  the  effect  of  which  might  have  been 
as  destructive  as  at  San  Francisco  or  as  at  "Valparaiso. 

Authorities  are  agreed  that  ground  vibrated  by  an  earthquake 
has  both  a  vertical  and  a  horizontal  motion.  The  amount  has  been 
stated  as  1  in.  and  3  in.,  respectively,  in  the  shock  under  considera- 
tion. The  amount  of  motion  undoubtedly  varies,  depending  upon 
the  character  of  the  ground.  Filled  lands  and  alluvial  plains  un- 
doubtedly have  more  motion  than  rocky  hills.  By  these  two  motions 
and  their  combinations,  a  building  may  be  damaged  in  two  ways. 
If  large  in  plan,  one  portion  may  be  lifted  and  dropped  before  the 
remaining  part  moves,  thus  distorting  the  frame.  In  either  case, 
a  swaying  motion  is  set  up,  the  effect  of  which  is  more  or  less  de- 
structive, depending  upon  the  elasticity  of  the  structure,  the  same 
stresses  occurring  as  when  a  live  load  passes  over  a  truss. 
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The  damage  to  buildings  by  the  earthquake  can  now  be  taken 
up  by  considering  each  type  as  designated  in  Part  I. 

Type  1. — Wood  Frame  Structures. — The  principal  damage  to 
buildings  of  this  type  was  the  cracking  of  plaster  and  the  wreck- 
ing of  brick  chimneys,  which  occiirred  everywhere.  Numbers  of 
houses  were  distorted  and  damaged,  by  the  movement  of  filled  ground 
upon  which  they  stood,  enough  to  compel  their  being  taken  down. 
This  ground  vibrated  much  more  than  other  kinds,  and  resulted 
in  upsetting  houses.  Numbers  of  houses  with  rotten  foundations 
were  upset,  and  in  some  cases  3-story  structures  lurched  forward, 
breaking   at   the   second-floor   level   and   collapsing   the   first   story. 

Speaking  generally,  there  was  little  damage  to  wooden  frame 
buildings.  Undoubtedly,  they  should  be  well  braced,  and  the 
foundation  should  be  carried  below  the  soil  to  a  firm  material.  Men- 
tion might  be  made  of  the  precaution  that  pictures  and  other  orna- 
ments in  sleeping  apartments  should  not  be  placed  so  that  in  fall- 
ing they  may  injure  the  sleepers.  The  greatest  source  of  danger 
lies  in  brick  chimneys.  Innumerable  instances  occurred  where  the 
chimney  broke  through  the  roof.  It  may  seem  paradoxical  to  say 
that  if  brick  chimneys  must  be  used,  they  should  be  built  with 
poor  mortar  above  the  roof  line,  but  the  reason  is  that,  if  so  built, 
they  will  be  shattered  and  will  fall  in  parts.  If  well  built,  and 
falling  as  a  whole,  the  effect  is  much  more  destructive.  It  is  idle 
to  expect  the  exposed  portion  of  a  chimney  of  ordinary  dimensions, 
even  of  brick  and  Portland  cement,  to  stand,  when  vibrating  with 
a  house  during  an  earthquake.  Some  statements  are  added  in  the 
general  conclusions  following. 

Type  2. — Masonry  Walls  and  Timber  Interior. — Buildings  of 
this  type  suffered  most  from  the  shock,  and  in  them  the  greatest 
loss  of  life  occurred.  The  damage  ranged  from  minor  cracks  in 
brickwork  to  the  complete  destruction  of  large  buildings.  The  sway- 
ing motion  produced  by  the  earthquake  caused  diagonal  cracking 
in  all  directions.  In  all  structures  with  brick,  coursed-stone,  or 
concrete-block  walls,  these  diagonal  cracks  appeared,  crossing  each 
ether  and  generally  running  at  about  45°  with  the  horizontal. 
Piers  between  windows,  spandrels  between  window  heads  and  sills, 
and  interior  partitions  were  thus  affected.  Stone  mullions,  sills, 
and  transoms  were  cracked,  and  large  sandstone  and  granite  blocks 
were  split. 

Another   feature   was   the   shearing   of    brick    walls     near    the' 
ground.     Walls  of  any  length  would  be  sheared  from  a  just-to-be- 
seen  crack  up  to  an  amount  that  upset  the  entire  wall  by  removing 
the  support. 

Gables  were  upset  everywhere.  As  built,  there  was  little  if 
any  connection  between  the   wooden  roof  and  the  brick.     As  the 
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wall  was  thin,  it  resulted  in  upsetting  the  gable.  The  most  marked 
instance  of  this  was  the  gable  wall  of  the  Memorial  Church  at 
Stanford  University,  which  stood,  practically  disconnected  from 
the  wooden  roof.  It  was  ornamented  with  a  costly  mosaic,  and  the 
entire  wall  fell. 

Buildings  of  this  type  also  suffered  by  the  wrecking  of  fire- 
walls and  cornices,  which,  falling  in  or  out,  did  much  damage. 
Some  fire-walls,  falling  on  lower  buildings,  wrecked  them.  People 
were  killed  in  the  street  by  cornices  and  upper  walls  falling  out- 
ward. 

A  favorite  method  of  constructing  such  buildings,  when  used 
as  stores,  was  to  build  the  front  wall  upon  a  girder,  placed  at  the 
second-floor  level,  and  supported  on  columns.  As  the  interior  frame 
was  generally  independent  of  this  girder  and  the  wall,  the  result 
was  that  the  wall  fell  outward. 

Another  cause  of  the  destruction  or  partial  wrecking  of  such 
buildings  was  the  roof  construction.  Cases  were  observed  where 
roofs,  of  as  much  as  80  ft.  span,  were  built  with  inclined  rafters 
resting  upon  the  walls  and  unprovided  with  horizontal  ties  of  any 
kind.  When  the  building  was  in  motion,  the  inclined  rafters  acted 
as  thrust  pieces  to  overturn  the  walls. 

The  foundations  of  such  buildings  were  generally  found  intact, 
the  damage  increasing  toward  the  top.  Many  arches  were  opened 
at  the  crown,  and  the  arch  stones  or  bricks  dropped. 

It  must  be  recognized  that  buildings  of  this  type  were  general 
throughout  the  region  of  the  shock.  The  damage  ranged  from 
slight  cracks  to  the  complete  destruction  of  large  structi;res,  hence 
no  general  statement  covers  the  case.  A  few  individual  statements 
may  be  of  interest.  In  Oakland,  a  concrete-block  building,  4  stories 
high,  was  injured  little  if  any.  At  Palo  Alto,  two  such  structures, 
2  stories  high,  probably  not  very  well  built,  were  completely 
wrecked,  the  blocks  being  broken  and  disintegrated. 

At  the  Agnews'  State  Asylum,  large  4-story  structures  were  com- 
pletely wrecked.  The  walls  stand,  but  are  shattered  everywhere.  At 
this  place,  all  partition  and  hall  walls  were  brick,  the  buildings  being 
a  series  of  cells.  It  is  difficult  to  describe  the  destruction  of  this 
brickwork.  Probably  90%  of  the  mortar  bonds  were  broken,  leav- 
ing the  wall  but  a  pile  of  loose  bricks.  The  mortar  was  of  fair 
grade.  A  large  tower  of  brick  over  one  building  fell,  doing  much 
damage.  At  San  Jose,  the  large  City  Hall,  of  brick,  with  brick 
partition  and  hall  walls,  was  shattered  everywhere.  The  old 
County  Court  Hovise  was  not  badly  hurt,  but  two  later  buildings 
were  badly  shattered. 

At  Stanford  University,  the  uniform  method  of  construction 
was  brick  walls,  with  a  veneer  of  coursed  ashlar.     The  buildings 
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were  connected  by  numerous'  arcades  formed  with  two  rows  of 
arches  covered  by  a  hip  roof.  The  arches  rested  upon  single  stone 
columns.  Several  buildings  here  were  completely  destroyed,  notably 
the  large  Library,  Gymnasium  and  Museum  buildings.  The 
arches  were  injured  by  the  dropping  of  keystones,  the  movement 
of  supporting  columns  and  the  falling  of  spandrels.  In  many  of 
the  walls  there  was  a  separation  of  the  ashlar  facing  from  the 
brick  backing.  The  cracking  of  walls,  with  other  damage  as  noted 
above,  was  evident  everywhere.     Foundations  were  nowhere  injured. 

At  St.  Patrick's  Academy,  at  Menlo  Park,  some  large  4-story 
brick  buildings  were  damaged,  the  worst  effect  being  in  the  twa 
upper  stories.  Two-story  structures  were  but  little  injured.  A 
tall  tower  on  one  building  was  badly  wrecked. 

At  Santa  Rosa,  nearly  every  brick  building  was  wrecked,  and 
the  resulting  fire  destroyed  the  entire  business  part  of  the  town. 

In  San  Francisco,  while  there  are  some  special  instances  of 
buildings  of  this  class  withstanding  the  shock,  there  are  others 
where  there  was  complete  destruction.  The  Palace  Hotel  is  a 
notable  instance  of  how  a  brick  building  may  withstand  the  earth- 
quake, it  being  practically  uninjured. 

Type  3. — Masonry  Bearing  Walls,  Metal  Interior  Frames  and 
Fire-Proof  Floors  and  Partitions. — It  may  be  questioned  why  this 
type  was  separated  from  Type  4,  with  a  steel  frame  carrying  all 
loads.  The  reason  is  that  buildings  of  this  type  were  damaged 
more  by  earthquake  and  fire  than  those  of  Type  4.  In  Table  1,. 
showing  the  buildings  of  this  type,  no  distinction  is  made  between 
walls  carrying  some  of  the  floor  loads  and  those  where  all  floor 
loads  were  carried  on  a  steel  frame— columns  being  placed  in  the 
walls.  Of  the  latter  class,  the  Mills,  Crocker,  Kamm,  Union  Trust 
and  Mutual  Life  Buildings  are  examples.  The  frame  of  the  Mills 
Building  (1891)  has  columns  of  one-story  section,  each  section 
resting  upon  the  cap  of  the  one  below,  and  connected  thereto  with 
four  bolts.  Beams  and  girders  rest  upon  the  cap  plate,  and  the 
entire  structure  was  bolted  above  the  third  floor.  After  the  earth- 
quake and  fire,  this  building  leaned  from  7  to  9  in.  out  into  Bush 
Street.  The  distortion  of  the  frame  was  uniform  above  the  second 
floor.  There  being  no  crack  in  the  outer  walls,  it  is  difficult  to 
say  whether  this  movement  was  due  to  the  shock,  or  had  been  a 
gradual  movement  from  the  time  of  construction.  As  all  buildings- 
of  this  type  were  burned,  it  is  difiicult  to  separate  earthquake  from 
fire  damage. 

In  the  Kamm  Building,  one  wall,  7  stories  high — 60  ft.  of  13- 
in.  wall  and  the  remainder  17-in. — sprung  out  about  14  in.  near  the 
middle  height.  The  reason  is  obscure,  some  stating  that  it  was 
caused  by  the  explosion  of  dynamite.     In  other  respects,  the  outer 
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Fig.  1. — Concrete  Block  C'oNSTRrciTuN  in  Palu  Ai.to,  1)aj:aold  by  Earth^iake. 


Fig.  2.— Fire  Damage  to  Inner  Court  of  Mills  Bltlding. 
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walls  of  buildings  of  this  type  suffered  as  other  brick  walls.  In- 
terior partitions  of  terra  cotta  show  all  the  characteristic  cracks 
of  brick  walls,  the  mortar  joints  being  broken  and  opened  from 
-I  in.  to  2  in.  Cornices,  being  generally  supported  on  iron  brackets, 
held,  but  here,  also,  it  is  difficult  to  separate  fire  from  earthquake 
damage.  Speaking  generally,  those  buildings  with  a  steel  wall 
column  supporting  the  floors  suffered  less  than  those  where  the 
walls  held  the  floors. 

Type  Ji. — Structures  with  a  Steel  Frame  Supporting  all  Wall 
and  Floor  Loads. — Relatively,  buildings  of  this  type  were  those  most 
exposed  to  earthquake  damage,  the  type  including  most  of  the  tall 
buildings  in  the  city.  Here,  as  elsewhere,  it  was  a  question  of  brac- 
ing. Some  frames  were  well  braced,  others  partially  so,  others 
not  at  all.  The  Claus  Spreckels  Building  (19  stories),  about  80 
ft,  square  in  plan,  was  braced  better  than  any.  Portal  bracing  was 
placed  on  each  side  of  each  corner,  up  to  the  third  floor.  In  addi- 
tion, there  were  eight  lines  of  eye-bar  diagonals  from  the  basement 
to  the  fourteenth  floor  and  three  above.  All  girders  had  gusset- 
plate  knee-braces.  The  Mutual  Savings  Bank  Building  (12  stories) 
had  two  lines  of  portals  and  two  lines  of  eye-bar  diagonals  from 
top  to  bottom.  The  New  Chronicle  (16  stories)  had  deep  girders 
and  gusset-plate  knee-braces  throughout.  The  Shreve  Building  (11 
stories)  had  deep  girders  and  two  complete  systems  of  portal  brac- 
ing. The  Kohl  Building  had  deep  lattice  girders  throughout.  The 
Merchants'  Exchange,  St.  Francis  Hotel,  Fairmount  Hotel,  Monad- 
nock,  Rialto,  and  James  Flood  Buildings  were  large  in  area,  and 
were  without  special  wind  bracing. 

Earthquake  damage  consisted  in  cracks  in  partitions,  where 
made  of  tile.  On  the  buildings  where  corner  piers  of  stone  rested 
upon  concrete  under  the  sidewalk,  the  stonework  was  badly  cracked. 
Where  siich  stone  was  carried  on  the  steel  frame,  no  cracks  are 
found,  but  there  are  only  a  few  instances  of  this  method.  Walls 
of  brick,  or  of  stone  and  brick,  did  not  suffer  as  nu;ch  as  might 
have  been  expected.  The  rear  walls  of  the  St.  Francis  Hotel  were 
cracked.  The  walls  of  the  Atlas  Building  were  affected  in  the 
same  manner.  The  rear  brick  walls  of  the  Merchants'  Exchange 
moved  oiitward  on  the  girders  from  1  to  3  in.  On  the  Spreckels 
Sugar  Refinery,  near  Watsonville,  there  were  several  cases  of  the 
13-in.  brick  walls  being  thrown  down,  but  no  such  damage  occurred 
in  San  Francisco.  A  number  of  piers  and  spandrels  of  the  brick 
front  of  the  new  Chronicle  Building  were  cracked,  as  were  also  the 
terra  cotta  faces  of  the  Fairmount.  The  brick  front  of  the  Monad- 
nock  was  badly  cracked.  On  the  Claus  Spreckels  Building,  the 
sandstone  fronts  were  intact  up  to  the  tenth  story.  From  there  to 
the  sixteenth  story,  the  stonework  was  badly  worked  on  the  beds. 
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Some  stones  were  split,  and  nearly  every  one  moved,  the  maximum 
movement  being  possibly  2  in.  This  stonework  rested  on  girders, 
and  was  backed  with  brick.  The  dome  of  the  building  containing 
the  seventeenth,  eighteenth  and  nineteenth  floors,  was  covered  with 
terra  cotta,  each  piece  being  anchored  to  the  metal  frame.  As  far 
as  could  be  determined,  no  damage  or  movement  of  this  terra  cotta 
took  place.  The  same  is  true  of  the  terra  cotta  gables  of  the 
Mutual  Savings  Bank.  As  far  as  observed,  the  damage  to  stone 
facing  was  greatest  on  the  Claus  Spreckels  Building. 

To  the  statement  of  damage  to  stonework,  exception  must  be 
taken  in  the  case  of  stone  cornices.  Elaborate  cornices  of  sand- 
stone were  used  on  the  Claus  Spreckels,  Mutual  Savings  Bank, 
Kohl  and  James  Flood  Buildings,  all  supported  on  iron  brackets, 
and  no  movement  or  breaking  of  stone  could  be  observed.  The 
same  is  true  of  terra  cotta  cornices  on  other  buildings;  in  fact, 
the  care  taken  to  support  cornices  seemed  to  protect  them  from 
damage. 

No  foundation  damage  was  observed  in  any  buildings. 

The  damage  to  steel  frames  was  almost  negligible.  Some  rivets 
were  sheared  in  the  James  Flood  Building,  and  in  the  Union  Trust 
Building  a  number  of  bolts  were  sheared.  As  most  of  the  frames 
are  hidden,  the  extent  of  the  damage  is  unknown,  but  is  probably 
small.  A  few  of  the  eye-bars  of  the  diagonal  bracing  of  the  Claus 
Spreckels  Building  were  bent,  as  if  the  opposite  ones  had  taken 
the  strain.  A  careful  examination  failed  to  reveal  any  sheared 
rivets.  The  greatest  damage  to  a  steel  frame  was  that  of  the 
tower  of  the  Ferry  Depot.  This  tower  was  about  40  ft,  square  and 
some  200  ft.  high  above  the  main  structure.  It  was  sheathed  with 
brick  and  stone,  except  the  top,  which  was  of  metal.  The  frame 
had  a  column  at  each  corner,  with  a  complete  system  of  diagonal 
rods.  A  number  of  rods  were  broken,  and  in  places  the  gusset- 
plates  were  torn  and  the  rivets  sheared.  This  building  rests  upon 
piles  driven  into  deep  mud,  and  it  was  probably  badly  shaken. 

Type  5. — Reinforced  Concrete  Structures. — Only  a  few  in- 
stances of  this  type  exist.  The  old  portion  of  the  Stanford  Uni- 
versity Museum,  a  complete  structure,  was  uninjured,  except  for 
a  few  cracks.  The  connecting  brick  portion  was  badly  shattered. 
Eoble  Hall,  at  the  same  place,  a  3-story  and  attic  structure,  was 
uninjured,  except  where  some  brick  chimneys  fell,  breaking  the 
roofs  and  floors.  The  sub-station  at  Eedwood  City  was  injured, 
and  a  part  had  to  be  rebuilt.  This  structure  was  built  on  marshy 
ground  near  the  bay,  and  was  exposed  to  the  worst  effects  of  the 
shock.  A  warehouse  in  San  Francisco,  in  course  of  construction, 
with  two  stories  up,  had  its  brick  walls  wrecked,  but  the  reinforced 
concrete  frame  and  floors  were  uninjured,  except  by  the  fall  of  the 
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Fig.  1.— United  States  Mint,  San  Francisco.    Withstood  Earthquake  and  Fire. 


Fig.  3.— Hall  of  Justice,  San  Francisco,  After  Earthquake  and  Fire. 
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^^alls.  The  floors  of  the  Academy  of  Sciences  and  of  the  Folger 
Building  were  uninjured  by  the  shock,  and  the  same  is  true  of  the 
complete  reinforced  concrete  building,  3  stories  high,  in  Alameda. 
The  factory  buildings  and  residences  before  mentioned  were  un- 
injured. These  constitute  the  only  examples  of  this  type  known  to 
the  writers,  but  all  the  evidence  points  to  the  superiority  of  this 
method  of  construction. 

Conclusions. — The  writers  offer  the  following  as  conclusions 
based  upon  a  study  of  the  effects  of  the  earthquake.  These  conclu- 
sions are  offered  for  the  reason  that  it  is  recognized  to  be  impossi- 
ble to  set  forth  in  a  partial  description  a  full  idea  of  the  damage. 

The  effect  of  the  earth  motion  is  to  set  a  building  in  motion. 
The  structure  is  thus  subjected  to  all  the  stresses  occurring  in  a 
truss  sustaining  a  live  load.  The  amounts  of  the  stresses  are  un- 
known, and  cannot  be  predicted,  as  the  intensity  of  the  shock  is 
unknown.  Obviously,  the  shock  may  range  from  a  tremor  to  that 
of  a  violence  that  would  wreck  any  building.  Again,  should  the 
earth-slip  take  place  beneath  a  building,  it  would  be  wrecked. 
Sufficient  evidence  is  at  hand  to  warrant  the  statement  that  a  build- 
ing designed  with  a  proper  system  of  bracing  to  withstand  wind 
at  a  pressure  of  30  lb.  per  sq.  ft.  will  resist  safely  the  stresses 
caused  by  a  shock-  of  an  intensity  equal  to  that  of  the  recent  earth- 
quake in  California. 

The  prime  requisite  of  the  structure  is  elasticity.  This  must 
be  understood  as  the  ability  of  a  structure  to  return  to  its  original 
form  after  distortion.  This  elasticity  allows  the  building  to  ab- 
sorb the  motion  of  the  earth,  where  a  more  rigid  structure  would 
be  ruptured. 

To  this  requirement,  the  building  with  a  timber  or  steel  frame 
answers  very  well.  The  reinforced  concrete  structure  does  so  also, 
with  the  exceptions  noted  below.  The  building  with  stone,  brick 
or  block  construction,  having  horizontal  mortar  joints,  does  not 
answer  the  requirement  at  all.  It  may  be  stated,  as  one  of  the 
most  obvious  lessons  of  the  earthquake,  that  brick  walls,  or  walls 
of  brick  faced  with  stone,  when  without  an  interior  frame  of  steel, 
are  hopelessly  inadequate.  As  a  method  of  building  in  earthquake 
countries,  such  types  are  completely  discredited. 

To  resist  the  shearing  effect  of  the  horizontal  earth  motion, 
vertical  members  are  necessary.  The  shear  is  transformed  into 
diagonal  forces,  which  appear  as  stresses  in  diagonal  and  horizon- 
tal members.  There  was  probably  no  better  illustrated  lesson  of 
the  existence  of  diagonal  stresses  than  that  offered  by  the  innumer- 
able instances  of  the  cracking  of  brick  and  stonework  along- 
diagonal  lines.  In  relation  to  this,  it  may  be  stated  that  a  brick 
spandrel  wall  adds  little,  if  any,  to  the  bracing  of  a  steel  frame. 
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Many  of  such  walls  were  cracked  badly,  and  moved  on  the  sup- 
porting girder.  No  reliance  should  be  placed  ixpon  them,  as  they 
are  open  to  all  the  objections  stated  in  connection  with  brick  walls 
in  general.  The  well-designed  steel  frame  offers  the  best  solution 
cf  the  question  of  an  earthquake-proof  building,  as  all  the  stresses 
can  be  cared  for.  The  well-designed  timber-framed  house  is  also 
adequate.  A  reinforced  concrete  building  offers  a  solution,  but  is 
open  to  the  following  objections : 

Architectural  reasons  demand  that  diagonal  bracing  shall  not 
be  used  except  on  rare  occasions.  This  is  overcome  by  the  use  of 
gusset-plate  knee-braces  and  portal-braces  in  the  steel  frame.  Such 
design  induces  severe  bending  moments  in  the  columns  and 
girders;  and,  in  the  girders,  the  moment  may  be  of  the  opposite 
character  to  that  of  the  floor  loads,  thus  producing  tension  in  the 
upper  flange  of  the  girder.  As  at  present  designed,  no  reinforce- 
ment is  vised  at  that  point,  and  hence  such  a  girder  would  be  de- 
fective. Again,  it  will  be  found  upon  analysis  that  relatively  great 
stresses  occur  at  points  where  the  girders  join  the  columns,  especially 
m  the  lower  floors  of  tall  buildings.  Here,  again,  the  reinforced 
concrete  construction,  as  now  designed,  is  weak.  These  remarks 
are  offered  more  in  connection  with  high  buildings.  They  can  be 
overcome  by  the  designer  in  reinforced  concrete.  All  the  evidence 
in  the  recent  shock  favors  reinforced  concrete,  but  the  writers  are 
of  the  opinion  that  the  steel  frame  offers  the  best  solution  of  the 
problem. 

Foundations  did  not  suffer  at  all,  no  instances  of  any  damage 
having  come  to  hand.  Some  discussion  has  taken  place  as  to  the 
advisability  of  making  a  monolithic  mass  under  buildings.  Sev- 
eral of  these  have  been  constriicted,  such  as  the  Claus  Spreckels,. 
Mutual  Savings  Bank,  and  Bullock  and  Jones  Buildings.  They 
are  all  of  relatively  small  base.  It  is  commercially  impossible  to 
construct  a  monolithic  base  under  a  building,  say,  12  stories  high, 
and  having  a  base  of  150  ft.  Buildings  of  that  size  and  larger, 
with  isolated  pier  foundations,  suffered  no  more  than  others.  The 
evidence  is  that  foundations  well  built,  along  accepted  lines,  are 
adequate.  It  might  be  claimed  that,  if  such  had  been  used  in  large 
structures,  the  damage  would  have  been  less.  The  evidence  does 
not  point  that  way,  for  even  if  the  monolithic  base  were  sufficiently 
strong  to  resist  the  vertical  earth  motion,  the  horizontal  motion 
would  still  vibrate  the  structure. 

Evidence  for  floors  is  not  conclusive,  as  all  terra  cotta  arch 
floors  were  afterward  burned.  Terra  cotta  arches  covered  with 
concrete  stood  without  much  damage  in  the  brick  portion  of  the 
Stanford  University  Museum.  The  terra  cotta  there  could  not  be 
seen.     Analogy  with  masonry  walls  would  seem  to  say  that  many 
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Fig.  1.— Fire  Damage  to  Residences  and  Hotels  of  Type  2  Construction  in 
San  Francisco. 


Fig. 


-Destruction  op  Buildings  of  Type  2  Construction  at  Foot  of  Market  Street, 
San  Francisco. 
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of  the  joints  would  be  broken.  Ordinary  concrete  floors  stood  the 
shock  with  but  little  damage. 

In  the  case  of  partitions,  those  of  terra  cotta  tiling  were  every- 
where cracked  and  opened.  It  amounted  to  practical  destruction  in 
most  cases.  In  this  case,  earthquake  damage  can  be  distinguished 
from  fire  damage.  Partitions  of  metal  studs  and  lath  suffered  less, 
but  plaster  was  badly  cracked.  Nothing  seems  to  be  suggested  for 
a  partition,  in  which  the  plaster  would  not  be  destroyed. 

For  rear  walls,  reinforced  concrete  offers  the  best  solution,  the 
reinforcing  members  being  tied  to  the  steel  frame.  A  facing  of 
brick  or  stone  could  be  backed  with  reinforced  concrete.  In  the 
case  of  stone,  the  parts  should  be  doweled  together,  and,  if  possible, 
all  tied  to  the  steel  frame.  Terra  cotta  as  a  facing  for  walls  is 
admirable,  in  this  respect,  as  it  offers  superior  facilities  for  tying 
it  to  the  steel  frame.  For  fire  and  parapet  walls,  the  steel  frame 
should  be  carried  up,  and  anchors  should  be  provided. 

Brick  chimneys,  large  and  small,  are  open  to  all  the  objections 
of  brick  walls,  only  in  a  more  marked  degree,  owing  to  their 
isolated  design.  Reinforced  concrete  seems  to  offer  the  best  method 
for  such  construction. 

Arches  with  voussoirs  are  not  able  to  resist  earthquakes.  The 
motion  opens  the  joints,  and  the  keystones  fall,  thus  thrusting 
aside  the  abutments.     Evidences  of  this  exist  everywhere. 

Finally,  it  may  be  questioned  whether  difference  in  workman- 
ship was  not  responsible  for  many  of  the  results.  While  it  is  true 
that  good  workmanship  gave  better  results  than  ordinary,  it  is 
still  the  opinion  of  the  writers  that  it  was  mainly  a  question  of 
design.  Agnews'  Asylum  was  of  brick,  laid  in  a  fair  grade  of 
lime  mortar.  Ten  miles  away,  on  similar  ground,  St,  Patrick's 
Academy,  of  similar  design,  was  of  brick,  laid  in  lime  and  Port- 
land cement,  and  there  was  better  work  than  at  Agnews'.  The 
damage  at  the  latter  place  was  less  than  at  the  former,  but,  as 
far  as  use  was  concerned,  both  places  were  demolished.  The  tower 
at  St.  Patrick's  Academy  was  of  brick,  laid  entirely  in  Portland 
cement  mortar,  and  the  work  was  so  well  done  that  the  brickwork 
invariably  broke  through  the  bricks  and  not  at  the  joints;  yet  the 
tower  was  completely  destroyed;  in  fact,  it  was  the  worst  wrecked 
of  all  the  buildings  there. 

The  writers  simply  reiterate  the  staterilent  that,  speaking  gen- 
-erally,  buildings  of  brick  walls  and  wooden  interiors  cannot  be 
built  which  will  not  be  wrecked  in  a  severe  shock,  it  being  a  fault 
of  design  and  not  of  materials  or  workmanship. 

III. — The  Fire  Damage. 
Within  half  an  hour  after  the  earthquake  shock,  the  Fire  De- 
partment  of  San  Francisco  had  notice  of  fifty-two  different  fires. 
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It  is  probable  that  others  had  started.  The  fire  lasted  three  days, 
being  finally  stopped  by  dynamite,  wide  streets,  and  individual 
efforts.  The  wharves  of  the  city  were  saved  by  State  and  United 
States  Navy  tugs.  Only  a  portion  of  the  residence  district  was 
saved.  Some  isolated  fires  were  extinguished  by  the  Fire  Depart- 
ment, using  water  in  the  dead  ends  of  mains.  The  destruction  of 
the  supply  mains,  described  in  another  report,  was  complete,  and 
hence  the  entire  fire  burned  without  interference.  The  area  de- 
stroyed was  a  trifle  in  excess  of  4  sq.  miles.  It  was  entirely  covered 
with  buildings,  excepting  where  there  were  lumber  yards.  A  few 
isolated  blocks  escaped,  but  they  are  of  no  interest  in  connection 
with  this  report. 

In  commenting  upon  the  destruction  by  this  fire,  it  must  be 
borne  in  mind  that  no  water  was  used  on  any  of  the  materials. 
Hence,  in  some  cases,  the  damage  is  less  than  it  might  have  been 
had  water  reached  the  materials  while  they  were  hot. 

Of  the  buildings  within  the  burned  area,  estimated  at  nearly 
20  000,  only  those  given  in  Tables  1  and  2 — some  50  or  60 — remain 
standing.  All  others  are  completely  destroyed,  only  some  brick 
walls  standing  here  and  there.  Unless  one  has  been  an  eye-witness, 
it  is  difficult  to  realize  how  all  materials  that  men  make  into  the 
shape  of  buildings  can  be  so  utterly  destroyed  in  a  general  con- 
flagration. With  two  exceptions — the  Kohl  and  Atlas  Buildings — 
all  the  buildings  in  Tables  1  and  2  were  completely  burned  in  the 
interior,  only  the  frame  remaining. 

All  the  business  center  of  the  City  of  Santa  Eosa  was  de- 
stroyed, but  as  only  buildings  of  Type  2  were  burned,  nothing  addi- 
tional can  be  learned  there,  and  no  further  mention  will  be  made 
of  this  place. 

It  would  be  well  to  state  here  that  when  the  phrase  ''complete 
destruction"  is  used,  it  means  that  the  part  is  destroyed  so  that  it 
is  unfit  for  further  use.  Under  this,  a  disintegrated  terra  cotta 
floor,  or  a  leaning  brick  wall,  or  a  bent  steel  beam  is  destroyed, 
even  if  the  part  may  be  again  reshaped  and  used. 

No  attempt  will  be  made  here  to  describe  in  detail  the  amount 
of  destruction  of  any  one  building.  Cases  will  be  cited  illustrating 
various  points.  It  is  believed  that  a  description  of  the  fire  effects 
en  different  materials  and  upon  their  combination  will  be  of 
more  real  interest.  Reference  will  only  be  made  to  buildings  of 
Types  3  and  4.  Types  1  and  2  were  completely  destroyed,  and  Type 
5  had  no  example  of  moment.  In  Type  2,  the  city  ordinance  al- 
lowed buildings  100  ft.  high,  if  lathed  with  metal;  and  of  82  ft., 
if  with  wooden  lath.  No  evidence  is  offered  regarding  this,  as 
they  were  all  destroyed. 

Bearing   in   mind   the   definition   of   "complete   destruction,"   it 
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Fig.  1.— Extreme  Case  of  Earthquake  Damage  to  Frame  Buildings  in  San  Francisco. 

(In  Center.) 


Fir.  2.— Earthquake  Damage  to  Main  Building  of  AuNhws'  Asylum.  Near  San  Jose. 


Papers.]     reports   OX   THE   SAN    FRAXCISCO   EARTHQUAKE  329 

can  be  said  that  all  materials  were  destroyed  when  directly  ex- 
posed to  the  fire  for  any  length  of  time.  Brick,  terra  cotta,  granite, 
marble,  sandstone,  steel,  cast  iron,  concrete,  plaster,  cement,  timber 
— all  failed.  Especial  emphasis  is  placed  on  this  point.  Anyone 
with  an  interest  in  any  one  material  can  find  evidence  to  support 
a  claim  for  it;  yet,  impartial  observation  leads  to  the  conclusion 
that,  when  a  material  was  subjected  to  what  would  be  considered 
a  test  fire,  it  was  destroyed. 

Front  Walls. — All  ordinary  methods  of  construction  were  ex- 
posed to  the  fire.  Granite  suffered  more  than  any  other  stone, 
spalling-  badly  wherever  exposed.  Marble  fared  nearly  as  badly,  and 
sandstone  slightly  less.  With  all,  there  was  complete  destruction. 
No  limestone  fronts  had  been  used.  Of  the  terra  cotta  fronts,  most 
were  destroyed,  for  instance,  the  Bullock  and  Jones  Building. 
Glazed  terra  cotta  blocks,  used  in  court  walls,  were  generally  cracked. 
Terra  cotta  brick  spalled  everywhere.  The  walls  of  the  Mills  and 
Merchants'  Exchange  Buildings  are  to  be  removed.  Moulded 
terra  cotta  brick  and  pressed  brick  withstood  the  fire  best  of  all, 
but  were  spalled  where  much  exposed.  Terra  cotta  brick  with 
rounded  corners  fared  best,  sharp  edges  cracking  off. 

Either  stone,  brick  or  terra  cotta  was  used  around  windows, 
and  here  the  damage  was  the  worst.  In  relation  to  this,  it  may  be 
said  that  terra  cotta  is  deceptive,  in  that  it  retains  its  form  after 
being  destroyed.  Many  fronts,  apparently  in  good  order,  must  be 
removed.  In  the  Mills  Building,  there  was  hardly  a  window  open- 
ing in  which  the  terra  cotta  sills,  jambs  and  heads  were  not  badly 
cracked.  From  the  street,  they  had  the  appearance  of  being  in  good 
order.  Walls  of  ordinary  red  brick  and  mortar  were  destroyed  in 
many  cases,  especially  in  buildings  of  Type  2,  where  the  fall  of 
the  interior  frame  pulled  down  the  wall.  There  are  many  in- 
stances of  the  integrity  of  such  walls,  especially  at  corners;  while 
many  of  them  were  injured  in  the  earthquake,  it  is  not  believed 
that  this  was  a  factor  of  miach  importance  in  the  fire.  The  dam- 
age to  standing  walls  in  all  buildings  was  the  spalling  of  the  red 
brick,  sometimes  to  a  depth  of  1  in. 

Foundations. — No  foundations  were  found  injured  by  the  fire. 

Floors. — Only  two  kinds  of  floors  were  exposed:  terra  cotta  and 
concrete.  Of  the  two,  terra  cotta  suffered  the  more,  being  in  all 
cases,  where  directly  exposed,  completely  destroyed.  Terra  cotta 
floors,  built  with  flat  arches  and  with  plaster  applied  directly,  were 
all  destroyed.  The  general  effect  was  a  spalling  of  the  lower  sec- 
tion of  the  tile  structure  and  a  disintegration  of  the  mortar  joints. 
The  tile  also  became  brittle,  breaking  with  a  slight  blow.  All  terra 
cotta  was  of  the  dense  type,  no  porous  tile  being  used.  In  the 
James  Flood  Building,  tile  arches  were  used,  being  of  the  regular 
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arch  construction.  They  were  covered  with  4  in.  of  concrete,  and 
protected  by  a  wire-lath  ceiling.  They  escaped  injury  except  where 
the  ceiling  lath  fell,  and  there  the  lower  layer  spalled  off. 

Concrete  floors  generally  had  hung  ceilings,  and,  where  thus 
protected,  were  uninjured.  Where  exposed,  the  concrete  is  in  most 
cases  destroyed,  for  instance,  in  the  Sloan,  Rialto,  and  Aronson 
Buildings,  and  the  Crocker  Warehouse.  The  concrete  is  dry,  and 
while  in  many  cases  hard,  yet  all  the  water  has  been  burned  out 
and  it  may  be  said  to  be  destroyed,  even  if  able  to  support  weights. 
Floor  coverings  of  wood  invariably  burned,  adding  to  the  destruc- 
tion. Sleepers  were  generally  burned.  Surfaces  of  cement  mortar 
fared  much  better,  the  linoleum  covering  remaining  practically 
intact. 

Partitions. — Partitions  were  of  terra  cotta  tile,  and  of  wire- 
lath  and  plaster,  either  solid  or  hollow.  All  kinds  were  destroyed. 
In  the  tile  partitions  the  mortar  joints  were  disintegrated,  the 
plaster  was  destroyed,  and  the  tiles  were  made  brittle.  One  could 
pull  down  with  the  hand  any  partition  in  the  Mills  Building,  all 
of  which  were  of  tile.  Metal  lath  and  plaster  partitions  were  com- 
pletely wrecked,  but  the  lath  might  be  considered  as  salvage.  The 
use  of  wooden  grounds  around  doors  and  transoms  helped  the  de- 
struction, but  it  is  difficult  to  see  what  would  have  prevented  the 
damage. 

Steel  Frame. — The  steel  frames  were  the  least  injured  of  any 
part  of  the  various  structures.  Where  properly  protected,  there 
was  no  injury.  Where  the  protection  was  faulty,  or  where  there 
■  was  none,  the  destruction  was  complete. 

Cast-iron  columns  were  used  in  a  few  buildings  of  Tyi)e  3. 
As  a  rule,  not  as  much  care  was  taken  to  protect  them  as  in  the 
case  of  steel  columns.  Numbers  of  cases  have  been  observed  of 
the  melting  of  cast-iron  columns,  especially  Ivigs,  in  buildings  of 
Type  2.  In  Type  3,  the  most  conspicuous  example  is  that  of  the 
Sloan  Building,  used  as  a  carpet  and  furniture  store.  A  number 
of  columns  in  the  basement,  covered  with  one  layer  of  lath  and 
plaster,  melted  so  that  the  metal  ran  together  into  a  lump,  lower- 
ing the  floors  from  1  to  4  ft.,  and  completely  wrecking  the  build- 
ing. The  basement  was  full  of  linoleum.  In  the  Wells  Fargo 
Building,  with  cast-iron  columns  protected  by  double  lath  and 
plaster,  and  used  as  offices,  no  damage  resulted. 

Steel  columns  fared  about  the  same.  In  the  Fairmount  Hotel, 
probably  25%  of  the  columns  was  destroyed.  These  columns  had 
practically  no  protection,  being  built  in  between  lath  and  plaster 
partitions.  These  partitions  had  interior  blind  spaces  of  from  6 
to  18  in.  in  width,  and,  in  many  of  the  wall  columns,  the  space  ex- 
tended from  the  first  floor  to  the  roof.     To  stiffen  the  partitions, 
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Fig.  1.  -Earthquake  Damage,  Second  Floor  of  Court  House,  Santa  Rosa. 


Fig.  2.— Earthquake  Damage  in  Oakland.    Note  Wall  Construction  of  Tower. 
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studding  of  timber,  2  by  4-in.,  4  by  -i-in.,  and  4  by  6-in.,  was  used 
everywhere.  The  burning  of  the  timber  directly  against  the  un- 
protected column,  in  additon  to  the  general  fire,  destroyed  it. 

In  the  Hotel  Alexander  an  apology  of  wire  lath  and  plaster 
was  used  as  a  fire-proofing.  It  was  cut  into  everywhere  for  door 
frames;  and  thirty-nine  column  sections  were  destroyed.  In  the 
Aronson  Building,  the  terra  cotta  fire-proofing  fell  away,  and  ten 
column  sections  were  buckled.  One  case  of  this  kind  occurred  in 
the  Mills  Building,  and  several  columns  were  bent,  for  the  same 
reason.  One  column  section  was  similarly  wrecked  in  the  Crocker 
Building,  and  two  sections  were  bent  in  the  St.  Francis  Hotel, 
where  the  tile  fire-proofing  had  been  cut  away  to  allow  the  placing 
of  rolling  doors.  It  may  be  stated  that  every  instance  of  failure 
can  be  thus  explained. 

Steel  beams  and  girders  were  bent  where  unprotected,  but  re- 
mained uninjured  otherwise.  Much  of  the  injury  was  suffered  in 
first  floors ;  basements  and  sidewalk  beams,  as  a  rule,  having  the 
lower  flanges  unprotected.     Comment  on  protection  is  offered  below. 

Most  roofs  were  simply  of  beam  construction,  similar  to  the 
floors,  but  the  damage  was  generally  less,  owing  to  the  protection 
afforded  by  hung  ceilings.  The  trusses  in  the  Mutual  Life  Build- 
ing were  covered  with  tile,  which  failed  to  protect,  allowing  the 
trusses  to  fall  and  damaging  the  supporting  columns.  A  number 
of  roofs  were  destroyed  from  lack  of  adequate  protection,  generally, 
where  made  of  terra  cotta,  the  Crocker  and  Spring  Valley  Water 
Company  Buildings  being  examples. 

Ceilings. — Where  ceilings  were  made  by  plastering  directly  upon 
terra  cotta,  flat  floor  arches,  they  were  completely  destroyed. 
Where  metal-lath,  hung  ceilings  were  used,  the  plaster  was  de- 
stroyed, but  the  lath  generally  remained  in  place,  and  was  not 
damaged.  Wliere  copper  wire  was  used  to  fasten  the  wire  lath 
it  failed,  dropping  the  ceiling.     Such  wire  should  never  be  used. 

Miscellaneous. — Vaults  in  ofliices,  where  made  with  'doors  set 
in  a  terra  cotta,  or  wire-lath  and  plaster  box,  failed  everywhere, 
the  contents  being  burned.  Vaults  made  with  an  iron  box  covered 
by  fire-proofing  fared  much  better.  Safe  deposit  vaults  in  the 
basements  of  banks  were  uninjured,  which  suggests  similar  devices 
for  the  tenants  of  large  buildings. 

All  plaster  was  destroyed.  Marble  tiling  for  floors  was  a  com- 
plete failure.  Marble  treads  for  stairs  failed,  as  also  all  wains- 
coting of  that  material,  the  marble  being  calcined. 

Wire-glass  covering  of  skylights  resisted  the  fire  well,  except 
where  the  glass  melted.  Temperatures  that  melted  glass  were 
reached  everywhere. 

Metal-covered  window  frames,  doors,  and  door  frames  were  used 
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in  the  Kohl  Building,  the  upper  6  stories  of  which  were  not 
burned.  No  opinion  is  offered,  except  that  this  building  was  not 
much  exposed,  the  glass  of  the  exterior  windows  not  being  even 
cracked.'  The  metal  trim  undoubtedly  acted  to  deter  the  spread 
of  fire  within  the  building. 

Steel  shutters  were  used  in  the  Telephone  Building,  but  it  was 
completely  burned.  It  is  claimed  that  the  fire  entered  through 
some  unprotected  windows. 

Elevators  grilles  were  generally  destroyed,  together  with  the  cages 
and  machinery  above  the  basement. 

Some  question  may  arise  as  to  the  temperatures  during  the 
fire.  Glass  was  melted  everywhere.  The  softening  of  cast-iron 
columns  in  the  Sloan  Building  has  been  referred  to.  There  were 
ni;mbers  of  cases  of  the  actual  melting  of  cast-iron  columns,  and 
in  many  buildings  steel  was  melted.  Cases  of  the  latter  were 
observed  in  a  dry-goods  store,  where  numbers  of  I-beams  were 
fused;  and  also  in  a  machine-shop,  where  steel  rods  were  fused. 

Conclusions. — Any  deductions  from  the  fire  miist  be  those 
based  upon  a  general  confiagration,  and  not  those  of  an  isolated 
fire.  In  view  of  the  complete  destruction  of  all  materials  it  be- 
comes a  question  as  to  what  should  be  done  to  make  a  biiilding 
fire-proof. 

San  Francisco  was  built  probably  in  about  the  same  way  as 
other  cities.  It  is  an  error  to  say  that  it  was  a  wooden-frame  city, 
as  the  business  district  was  generally  composed  of  buildings  with 
brick  walls.  In  among  these  had  been  constructed  the  so-called 
fire-proof  structures,  exposed  on  all  sides  to  danger  by  the  burning 
of  the  inflammable  structures  around  them. 

The  only  statement  that  can  be  ofi'ered  is  that  the  best  insurance 
for  buildings  would  be  the  isolation  of  a  district  containing  noth- 
ing but  fire-proof  structures.  A  general  conflagration  would  then 
be  impossible.  Manifestly,  this  is  impossible  in  San  Francisco, 
where  business  must  be  resumed  with  the  least  cost.  In  many 
cities,  it  would  be  good  insurance  for  men  owning  large  buildings 
to  combine  to  buy  out  old  and  inflammable  structures,  either  de- 
molishing or  rebuilding  them.  Otherwise,  there  remains  the 
danger  of  general  conflagrations,  such  as  those  at  Baltimore  and 
San  Francisco,  in  which  fire-proof  buildings  will  be  injured  from 
30  to  60  per  cent. 

Turning  to  the  individual  building,  the  question  of  the  exterior 
walls  must  be  settled.  There  does  not  seem  to  be  much  choice  of 
material.  Architectural  considerations  demand  the  use  of  brick, 
terra  cotta,  or  stone.  With  a  steel  frame  supporting  the  walls  at 
each  story,  any  local  fire  will  destroy  the  nearby  facing,  but  it 
may  be  removed  without  damage  to  adjoining  parts.     This  cannot 
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Fig.  1  .—Earthquake  Damage,  San  Francisco  Post  Office. 


Fig.  2.— Earthquake  Damage,  San  Francisco  Post  Office,  Due  to  Sinking  of  Ground. 
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be  done  when  walls  are  self-supporting  and  the  facing  acts  as  a 
part  of  the  wall.  This  risk  of  damage  must  always  be  carried, 
gradually  becoming  less  as  inflammable  buildings  are  eliminated. 

There  is  no  doubt  that  the  steel  frame  is  adequate  for  all  its 
purposes,  but  it  must  be  protected.  This  brings  up  the  general  sub- 
ject of  fire-proofing,  in  which  is  involved  the  construction  of  floors 
and  partitions,  and  ceiling  and  column  protection.  Where  any 
reasonable  protection -was  given  the  steel  frames  of  buildings  in 
San  Francisco,  the  steel  was  uninjured,  and  hence  the  writers  feel 
warranted  in  stating  that  it  is  possible  to  protect  such  a  frame  so 
that  it  will  pass  uninjured  through  a  fire  that  consumes  all  parts 
that  can  burn. 

It  was  stated  previously  that  all  materials  were  destroyed  by 
fire;  it  follows,  from  this,  that  the  destruction  of  fire-proofing  must 
be  expected,  and  that  it  will  have  to  be  restored  after  a  fire.  It 
becomes  a  question,  then,  of  selecting  the  material  that  will  stand 
up  best,  for  the  fire-proofing  must  retain  its  form,  even  if  destroyed. 

In  the  writers'  judgment,  the  column  should  be  of  a  closed 
form,  such  as  channels  and  lilates.  This  is  preferable  to  latticed 
columns.  For  columns,  the  fire-proofing  that  will  stand  up  best 
is  red  brick  set  in  Portland  cement  mortar.  Equal  to  this  is  a 
casing  of  solid  concrete  at  least  4  in.  thick,  with  a  mesh  of  rein- 
forcing metal.  Examples  were  found  in  the  St.  Francis  Hotel  and 
Shreve  Building,  where  the  concrete  was  uninjured.  In  the  Fuller 
Building,  which  was  used  as  a  paint  and  oil  warehouse,  the  floors 
were  of  wood,  and  the  columns  were  covered  with  from  4  to  5  in. 
of  concrete.  This  protection  held  in  place  when  the  columns  fell. 
It  was  completely  destroyed,  but  the  column  shafts  were  protected. 
Next  in  order,  and  of  equal  merit  as  far  as  examples  show,  is  the 
double  wire-lath  and  plaster  protection,  which,  in  the  Wells  Fargo 
Building,  afi^orded  complete  protection.  In  many  buildings, 
columns  were  protected  by  one  layer  of  lath  and  plaster,  directly 
applied,  and  then  the  entire  column,  with  pipes,  etc.,  was  enclosed 
by  the  regular  partition.  This  afforded  complete  protection,  and 
the  Merchants'  Exchange  and  Kohl  Buildings  are  examples.  The 
examples  of  the  Fairmount  and  Alexander  Hotels  are  not  included, 
as  obvious  defects  in  design  and  execution  warrant  the  statement 
that  the  columns  in  these  buildings  were  practically  unprotected. 
The  same  remark  also  applies  to  the  melted  cast-iron  columns  of 
the  Sloan  Building. 

The  remaining  examples  of  column  failures  must  be  laid  to 
the  failure  of  terra  cotta  tile.  The  work  in  the  Mills,  Crocker,  and 
Aronson  Buildings  was  well  done,  but  in  all,  and  in  the  latter  case 
especially,  it  failed  utterly  to  afford  complete  protection.  As  the 
failure  of  one  column  section  means  the  practical  destruction  of  all 
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floors  supported  by  that  column,  the  results  are  serious.  In  justice 
to  the  terra  cotta  tile,  it  must  be  said  that  in  the  St.  Francis  Hotel, 
the  Union  Trust,  and  some  other  buildings,  it  stood  up  well  enough 
to  protect  the  columns.  The  writers  believe,  however,  that  it  is 
the  least  valuable  of  all  materials  commonly  used  for  fire-proofing. 

For  floor  construction,  some  form  of  reinforced  concrete  is  far 
preferable  to  tile.  In  all  cases  the  record  of  concrete  is  better  than 
that  of  tile.  Connected  with  this  is  the  protection  of  the  lower 
flanges  of  beams  and  girders.  The  fire  shows  that  a  cover  of  lath 
and  plaster  directly  upon  the  flange,  protected  again  by  the  sus- 
pended ceiling,  is  the  best.  The  layer  of  plaster  alone  on  the 
flange  will  not  protect.  Neither  will  the  thin  piece  of  terra  cotta 
strapped  on.  It  may  be  stated  here  that  one  of  the  most  obvious 
lessons  taught  by  this. fire  is  the  protection  to  concrete  floors  and 
floor  beams  by  the  suspended  ceiling  of  lath  and  plaster.  In  all 
cases  where  used,  it  afforded  complete  protection.  Where  not  used, 
concrete  was  destroyed  and  beams  were  distorted. 

The  subject  of  partitions  is  bound  up  with  that  of  column  pro- 
tection. Terra  cotta  tiles  are  inferior  to  lath  and  plaster,  although 
both  were  destroyed.  A  partition  may  be  destroyed,  but,  if  it 
stands,  it  impedes  the  spread  of  fire,  and,  in  this  light,  the  lath 
and  plaster  type  is  superior  to  tile.  It  should  be  possible  to  con- 
struct better  partitions,  but  as  yet  no  better  ones  have  been  offered. 

A  logical  deduction  from  the  statement  that  all  materials  were 
destroyed  is  the  conclusion  that  all  structural  parts  of  a  building, 
of  whatever  material  constructed,  must  be  protected  by  another 
material  which  will  be  a  more  or  less  complete  loss  in  a  fire.  This 
applies  to  a  steel  frame,  to  floors  of  any  type,  and  to  roofs.  It  is 
impossible  to  protect  some  parts,  such  as  fronts,  partitions,  and 
other  parts  directly  exposed.  The  floors  and  frame  constitute  the 
structural  parts,  failure  of  which  means  destruction  of  the  build- 
ing. All  such  should  be  fire-proofed.  This  remark  applies  with 
equal  force  to  buildings  with  reinforced  concrete  columns,  girders, 
beams  and  floors.  As  integral  structural  parts,  they  should  be  fire- 
proofed  as  well  as  similar  members  of  a  steel-frame  structure,  for 
concrete  is  destroyed  by  fire  nearly  as  quickly  as  steel. 

No  further  comment  is  offered,  except  the  following.  Buildings 
with  wooden  floors  will  be  completely  destroyed  in  a  fire.  Such 
parts  as  metal  trim,  wire-glass,  and  steel  shutters,  were  not  used 
to  sufficient  extent  to  warrant  any  definite  conclusions,  except  to 
say  that  what  showing  there  was  was  favorable.  "VMiether  this  ex- 
pense is  warranted  was  not  determined.  Bad  work  and  indifferent 
construction  will  cause  any  material  to  fail.  Good  work  will  enable 
a  poor  material  to  stand  up.  Fire-proofing  should  be  continuous, 
and  at  no  place  should  it  be  cut  into  for  the  passage  of  pipes,  etc. 
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Fig.  ].— Earthquake  Damage,  Tower  of  Ferry  Depot.    Note  Ruptured  Eye 
OF  Diagonal  Rod. 


Fig.  2.— Fire  Damage.  Lath  and  Pla.ster  Partition,  Tenth  Floor,  Atlas  Building. 
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The  subject  of  pipes  should  be  treated  as  it  deserves,  and  proper 
ducts  and  shafts  should  be  provided,  instead  of  allowing  them  to 
be  placed  anywhere,  where  they  will  give  the  least  trouble. 

It  is  hoped  that  comment  will  be  received  on  this  report,  but  it 
is  trusted  that  it  will  be  in  the  nature  of  criticism,  and  not  in  the 
way  of  advocacy  of  some  one  form  of  construction.* 

*  This  report  was  accompanied  by  132  photographs,  from  which  34  have  been  selected 
for  reproduction.    They  are  shown  in  Plates  XIX  to  XXXIII. 
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APPENDIX    C. 


REPORT    OF    COMMITTEE    ON   THE    EFFECT    OF    THE 
EARTHQUAKE  ON  WATER=WORKS  STRUCTURES. 


Committee  : 

Arthur  L.  Adams,  Charles  D.   Marx,  Charles  B.  Wing,  C.  E. 

Moore,  Charles  Gilman  Hyde,  C.  E.  Gilman,  George  L. 

DiLLMAX,  Frais'klin  Eiffle,  Philip  E.  Harroun. 


The  purpose  of  the  investigation  which  has  been  made  the  basis 
of  this  report  has  been  to  ascertain  the  ability  of  the  various  classes 
of  structures  ordinarily  used  in  the  development  and  distribution 
of  water  supplies  to  withstand  the  violent  shock  of  earthquake  such 
as  that  which  occurred  in  the  coastal  region  of  Central  California 
on  the  morning  of  April  18th,  1906;  and  to  draw  such  conclusions 
for  improvement  of  design  and  for  such  increase  of  caution  or 
confidence  in  the  acceptance  of  established  usages  as  the  results 
seem  to  warrant. 

In  this  report,  no  attempt  will  be  made  to  describe  in  detail,  or 
even  mention,  all  the  many  structures  appertaining  to  the  various 
systems  of  works  in  use  for  supplying  water  within  the  great  area 
violently  shaken.  The  prime  purpose  will  best  be  subserved  by 
taking  up  the  various  most  important  classes  of  structures,  and  by 
setting  forth,  in  the  case  of  each,  such  information  as  the  Com- 
mittee has  been  able  to  obtain,  and  any  conclusions  which  it  feels 
warranted  in  drawing  therefrom. 

The  classes  of  structures  considered  are:  Earth  Dams,  Concrete 
Dams,  Distributing  Reservoirs,  Pumping  Stations,  Elevated  Tanks 
and   Stand-pipes,  and  Pipe  Lines. 

The  locations  of  the  important  structures  mentioned  herein- 
after, and  their  position  with  reference  to  the  geologic  faulting 
where  the  movement  originated,  are  indicated  on  Plate  XXXIV. 

Earth  Dams. — Centered  about  San  Francisco  there  are  several 
of  the  greatest  earthen  dams  in  the  world.  On  the  peninsula 
south  of  San  Francisco,  between  San  Francisco  Bay  and  the  Pacific 
Ocean,  and  immediately  along  the  fault  line  or  adjoining  it,  are 
three  belonging  to  the  Spring  Valley  Water  Company  and  used 
as  parts  of  the  system  supplying  San  Francisco  with  water.  These 
are  the  Pilarcitos,  the  San  Andreas,  and  the  Upper  Crystal  Springs 
Dams. 

As  the  permanent  longitudinal  displacement  along  the  fault 
line  in  this  region  is  from  6  to  7  ft.,  all  these  dams  must  have 
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been  shaken  terrifically,  especially  the  two  which  are  directly  on  the 
fault  line. 

The  Pilarcitos  Dam  is  640  ft.  long  on  the  top,  and  95  ft.  high; 
it  has  a  top  width  of  24  ft.  and  slopes  of  2  to  1  on  both  sides.  It 
has  a  puddle  core,  24  ft,  thick,  extending  from  40  ft.  below  the 
bottom  to  the  water  level,  and  was  built  in  1864-66.  It  is  If 
miles  westward  from  the  line  of  fracture.  This  dam  was  not 
injured. 

The  San  Andreas  Dam  is  800  ft.  long,  93  ft.  high,  and  is  of 
the  same  general  type  as  the  Pilarcitos  Dam.  It  was  built  in 
1868-70.  The  fault  line  passed  across  its  east  end,  intersecting 
a  natural  ridge  which  was  made  a  part  of  the  dam  at  this  point. 
The  surface  disturbance  here  was  apparent  over  a  width  of  about 
150  ft.  One  of  the  cracks,  without  injury  to  the  structure,  inter- 
sected an  inlet  culvert  built  of  concrete  in  which  railroad  iron 
was  embedded.  The  brick-lined  tunnel  leading  from  the  waste  over- 
flow was  intersected  by  the  fault  line,  and  was  fractured  and  off- 
set in  the  general  movement.  The  main  body  of  the  dam  shows  a 
crack,  from  2  to  3  in.  in  width,  extending  longitudinally  along  the 
center  line  for  the  entire  length  of  the  dam.  Some  slight  cracking 
in  a  direction  transverse  to  the  dam  also  occurred.  No  leakage 
through  the  dam  resulted,  and  the  earth  structure  may  be  regarded 
as  wholly  uninjured. 

The  Upper  Crystal  Springs  Dam  is  about  75  ft.  high,  some  600 
or  700  ft.  long,  and  was  built  in  1878.  It  is  of  the  same  general 
tj'pe  as  the  dams  previously  described.  The  original  purpose  of 
its  construction  is  now  changed,  and  at  the  time  of  the  earthquake 
the  water  was  at  the  same  elevation  on  each  side  of  it,  so  that  it 
was  not  resisting  any  unbalanced  pressure.  This  dam  was  crossed 
by  the  fault  line  at  a  point  east  of  the  center,  and  the  two  parts 
were  offset  about  6  or  7  ft.  The  fences  on  either  side  of  the  road 
passing  along  the  top  of  the  dam  were  straight  prior  to  the  dis- 
turbance. The  top  of  the  dam  shows  many  longitudinal  and 
transverse  cracks.  The  former,  while  not  continuous,  appear  along 
the  entire  length,  being  especially  noticeable  on  the  slopes.  One 
is  shown  in  Fig.  1,  Plate  XXXV.  Some  years  ago  this  dam  was 
raised  quite  a  number  of  feet,  in  order  to  improve  the  grades  of 
the  county  road  which  traverses  it.  This  work  is  said  to  have  been 
done  with  much  less  care  than  would  have  been  exercised  had  the 
upper  part  been  intended  for  use  as  a  dam.  This  condition,  and 
the  high  line  of  saturation  resulting  from  its  being  submerged  on 
both  slopes,  are  accountable,  no  doubt  in  large  part,  for  the  forma- 
tion of  longitudinal  cracks  through  a  tendency  of  the  slopes  to 
take  a  flatter  inclination  when  subjected  to  a  violent  shaking.  To 
what  extent  the  ability  of  the  structure  to   resist  the  pressure  of 
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water  has  been  affected  cannot  be  determined  under  the  circum- 
stances; but  the  nature  and  extent  of  its  apparent  injuries  are  not 
so  severe  as  to  indicate  that  there  would  have  been  serious  danger 
of  failure  had  it  been  acting  as  a  true  dam  in  service. 

In  addition  to  these  structures,  much  interest  attaches  to  the 
two  smaller  dams  which,  by  closing  each  end  of  a  saddle  depression, 
form  the  Saratoga  Reservoir  of  the  San  Jose  Water  Company, 
located  in  the  Santa  Cruz  Mountains  between  Saratoga  and  Los 
Gatos.  The  fault  line  runs  directly  through  this  reservoir,  and 
crosses  both  dams  approximately  at  right  angles.  Near  the  east 
end  of  the  North  Dam  transverse  cracks  are  found  extending 
through  the  body  of  the  dam.  Fig.  2,  Plate  XXXV,  shows  the  crack 
on  the  wet  slope  of  the  North  Dam.  There  was  also  a  longitudinal 
crack  through  the  dam,  and  some  settlement  of  the  inner  slope.  A 
transverse  crack  near  the  fault  is  shown  in  Fig.  1,  Plate  XXXVI. 
Though  the  reservoir  was  apparently  full  at  the  time,  there  is  no 
evidence  that  any  water  escaped  through  the  North  Dam. 

At  the  south  end,  the  fault  line  crosses  both  the  dam  and  a 
10-in.  cast-iron  outlet  pipe,  which  seems  to  have  been  shattered. 
A  joint  near  the  outer  toe  of  the  dam  was  also  pulled  apart.  These 
pipe  ruptures  resulted  in  emptying  the  reservoir  and  washing  out 
a  considerable  quantity  of  material  from  the  South  Dam,  as  shown 
in  Fig.  2,  Plate  XXXVI. 

On  the  eastern  side  of  San  Francisco  Bay,  in  connection  with 
the  works  of  the  Contra  Costa  Water  Company,  supplying  the 
Cities  of  Oakland,  Berkeley,  and  Alameda  with  water,  are  two  very 
high  earthen  dams  known  as  the  San  Leandro  or  Lake  Chabot  Dam 
and  the  Temescal  Dam.  In  addition  to  these  there  is  a  third,  of 
very  recent  construction,  known  as  the  Piedmont  Dam. 

The  first  of  these  dams  was  built  in  1874-75,  and  is  still  the 
highest  earthen  dam  in  the  world,  the  top  being  127  ft.  above  the 
original  surface  on  the  center  line.  On  April  18th  the  lake  created 
by  this  dam  was  full  to  overflowing.  The  earthquake  shock  caused 
waves  3i  ft.  high  to  break  against  the  dam  and  pass  over  the  spill- 
ways. Neither  the  dam  nor  any  of  its  appurtenant  structures  were 
injured;  nor  were  there  left  any  evidences  of  its  rough  treatment. 
The  Temescal  Dam  is  105  ft.  high,  and  was  built  in  1868.  It 
was  entirely  uninjured. 

The  Piedmont  Dam  is  a  new  structure,  260  ft.-  long  on  top,  45 
ft.  high  at  the  inner  toe.  and  65  ft.  high  at  the  outer  toe,  with 
inner  and  outer  slopes  of  2  to  1.  The  inner  slope  was  covered  with 
6  in.  of  concrete,  with  cement -plaster  finish  in  lieu  of  the  customary 
rip-rap,  the  concrete  being  placed  in  squares  separated  by  as- 
phaltum  joints.  The  structure  had  been  completed  only  a  few 
months,   and   had  just  been    filled  for  the  first  time.     The  rough 
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shaking  it  received  had  the  effect  of  settling  it  about  6  in.  at  the 
center  and  producing  a  few  small  transverse  and  longitudinal  cracks 
near  one  end  of  the  dam.  No  cracking  of  the  concrete,  and  no 
material  injury  of  any  character  resulted. 

All  these  dams  were  constructed  by  the  ordinary  method  of 
Sipreading  in  thin  layers,  wetting,  and  rolling.  Against  the  outer 
slopes  of  the  San  Leandro  and  Temescal  Dams  had  been  deposited, 
by  sluicing,  a  large  additional  quantity  of  material.  These  two  dams 
have  puddle  heart-walls.  The  Piedmont  Dam  is  built  without  a 
heart-wall  of  any  kind,  but  the  better  grade  of  material  had  been 
placed  adjacent  to  the  upper  slope. 

Concrete  Dams. — The  only  large  masonry  dams  in  the  region 
seriously  shaken  are  the  great  concrete  dam  near  San  Mateo  known 
as  the  San  Mateo  or  Crystal  Springs  Dam,  and  the  Partola  or 
Searsville  Dam.  The  former  is  a  part  of  the  system  supplying  San 
Francisco,  and  the  latter  is  a  part  of  the  system  supplying  Stan- 
ford University.  That  at  San  Mateo  is  one  of  the  great  dams  of 
the  world,  its  projected  height  being  170  ft.,  with  a  finished  width 
at  top  of  25  ft.,  and  a  thickness  at  base  of  176  ft.  Its  present 
height  is  146  ft.     Its  length  when  completed  will  be  680  ft. 

The  Partola  Dam  is  a  much  smaller  concrete  structure,  at  pres- 
ent 50  ft.  in  height,  though  projected  to  a  considerable  additional 
height. 

Both  are  built  of  irregular,  interlocked  blocks,  formed  in  place, 
but  are  substantially  monolithic.  Each  stands  about  parallel  to 
the  fault  line  and  within  a  few  hundred  feet  of  it.  Neither 
structure  gives  any  evidence  of  injury  in  any  particular.  It  is 
impossible  to  say  how  they  would  have  been  affected  had  they  stood 
at  right  angles  with  the  fault  line  and  had  they  been  intersected 
by  it,  as  in  the  case  of  the  earthen  dams  previously  described.  It 
seems  reasonable  to  suppose  that,  had  they  been  sheared  through 
vertically  and  offset,  as  in  the  case  of  the  earthen  dams,  or  had 
they  been  torn  up  as  to  their  foundations,  nothing  worse  would  have 
occurred  than  the  gradual  loss  of  the  water  from  the  reservoir,  as 
both  structures  are  designed  with  heavy  gravity  sections. 

Distributing  Reservoirs. — Of  the  numerous  distributing  reser- 
voirs in  use  in  the  disturbed  region,  most  of  which  are  lined  with 
brick,  concrete,  concrete  and  asphalt,  or  with  clay  puddle  protected 
with  paving  stones,  the  Committee  has  heard  of  only  one  being 
injured.  This  was  the  reservoir  in  San  Francisco  known  as  Lake 
Honda,  a  structure  holding  about  33  000  000  gal.  This  structure 
was  formed  by  an  excavation  in  the  bottom  of  a  ravine,  the  hills 
rising  all  about  it,  save  at  the  outlet.  The  natural  di-ainage  is  all 
diverted  around  it  through  a  brick-lined  tunnel.  Either  the  reser- 
voir has  been  dug  to  a  depth  well  below  the  original  natural  sur- 
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face,  even  at  the  outlet,  or  there  has  been  so  great  a  volume  of 
waste  deposited  below  it,  that  it  is  practically  wholly  in  excava- 
tion, without  banks  on  any  side.  The  lining,  consisting  of  masonry 
of  various  classes,  was  broken  to  an  extent  calling  for  repairs. 

The  slope,  on  the  west  side  consisting  of  very  sandy  soil,  was 
supported  by  a  retaining  wall  which  constituted  the  side  of  the 
reservoir  basin.  This  wall  consisted  of  a  number  of  brick  buttresses 
between  which  were  horizontal  arches,  also  of  brick.  The  effect 
of  the  shock  was  to  rupture  this  retaining  wall,  which  failed  by 
shearing  near  the  bottom  of  the  reservoir,  although  irregular  cracks 
in  one  place  extended  to  the  top  of  the  wall. 

Pumping  Stations. — On  the  peninsula  between  San  Francisco 
Bay  and  the  Pacific  Ocean  there  are,  in  connection  with  the  San 
Francisco  Water-Works,  six  important  pumping  stations.  Two  of 
these  are  within  the  built-up  sections  of  San  Francisco,  one  is  at 
Lake  Merced,  one  at  Milbrae,  one  at  Belmont,  and  one  near  the 
San  Mateo  Dam.  These  stations  are  all  equipped  with  water-tube 
boilers  and  horizontal,  cross-compound,  crank  and  fly-wheel,  pump- 
ing engines  of  capacities  (save  for  the  last-mentioned  plant)  vary- 
ing in  different  engines  from  5  000  000  to  8  000  000  gal.  in  24  hours. 
Each  station  contains  a  number  of  pumps;  the  Belmont  Station, 
being  the  largest  in  total  capacity,  contains  five  pumping  engines. 

Save  for  the  two  stations  in  the  built-up  sections  of  San  Fran- 
cisco, individual,  guyed,  steel  stacks  were  used;  and  the  buildings 
were  of  corrugated-iron  construction,  supported  on  timber  frames. 
Of  the  two  plants  in  San  Francisco,  one  was  housed  in  a  substantial 
brick  building,  and  the  other  in  an  old  structure  partly  brick  and 
partly  corrugated  iron;  and  both  were  supplied  with  brick  stacks. 

These  pumping  plants  did  not  suffer  any  material  damage 
affecting  their  serviceability,  probably  because  their  foundations 
were  suflBciently  massive  to  cause  important  units  to  move  as  a 
whole. 

On  the  eastern  side  of  San  Francisco  Bay  there  is  an  important 
pumping  station  from  which  about  one-third  of  the  water  supply 
for  the  cities  on  that  side  is  supplied.  It  is  on  the  marsh  land 
near  the  Bay  shore,  one  mile  west  of  Alvarado.  It  consists  of  two 
horizontal,  cross-compound,  crank  and  fly-wheel  engines,  each  hav- 
ing a  capacity  of  5  000  000  gal.  per  day,  and  a  full  equipment  of 
boilers,  all  housed  in  a  brick  structure.  Individual,  guyed,  steel 
stacks  are  used.  The  engines,  boilers,  and  building  are  supported 
on  pile  and  concrete  foundations  of  excellent  construction.  Al- 
though the  brick  walls  of  a  part  of  the  building  were  damaged  so 
badly  as  to  require  reconstruction,  the  machinery  equipment  was 
not  damaged  in  any  particular. 

The  fuel-oil  tank,  having  a  capacity  of  30  000  gal.,  holding  at 
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the  time  about  20  000  gal.,  supported  by  a  timber  grillage  resting 
on  the  surface  of  the  ground  at  an  elevation  of  about  3  ft.  above 
the  bed  of  a  creek  near  by,  was  so  violently  shaken  that  several 
thousand  g-allons  of  oil  were  thrown  out,  the  roof  was  thrown  off, 
and  the  foundation  settled  about  2  ft.,  breaking  all  the  pipe  con- 
nections. During  the  quake  the  channel  of  the  creek  disappeared, 
its  bottom  being  raised  to  the  general  level  of  the  adjoining  land. 

Elevated  Water-Tanks  and  Stand-Pipes. — At  Milbrae  and  Bel- 
mont, on  the  western  side  of  San  Francisco  Bay,  there  are  two 
stand-pipes  of  considerable  height  and  small  section,  stiffened  for 
their  entire  height  by  an  enclosing  braced  timber  tower.  These 
pipes  are  used,  in  lieu  of  relief  valves,  to  control  the  pressures  at 
the  pumping  stations  of  the  Spring  Valley  Water  Company  at 
these  places. 

At  Agnews  and  Santa  Clara,  south  of  the  Bay,  there  were 
elevated  tanks,  almost,  if  not  quite,  identical  in  design.  They  con- 
sisted of  four  45  000-gal.  wooden  tanks  supported  on  a  steel  frame 
80  ft.  in  height. 

There  were  also  in  the  disturbed  area  many  other  structures  of 
less  inagnitude,  consisting  of  wooden  tanks  supported  on  timber 
towers. 

Of  the  structures  connected  with  public  water-supply  works, 
of  sufficient  importance  to  warrant  special  mention,  only  one  was 
wrecked,  although  many  low  tanks  used  for  road  sprinkling,  and 
others  for  locomotive  water  supply  on  the  railroads,  were  thrown 
down.  This  wrecked  tank  was  the  one  at  Santa  Clara,  previously 
mentioned.  Plates  XXXVII  and  XXXVIII  show  its  appearance 
during  construction  and  before  and  after  the  failure.  Concerning 
this  structure,  the  designing  engineer,  C.  E.  Moore,  M.  Am.  Soc. 
C.  E.,  residing  at  Santa  Clara,  says : 

"At  Santa  Clara  the  shake  was  especially  violent  at  the  pumping 
station ;  and  near  here  the  12-in.  supply  pipe  was  broken,  evidently 
by  the  upheaval.  The  pipe  was  shattered  at  the  top  and  the 
broken  bottom  so  telescoped  as  to  produce  an  overlap  of  IJ  in. 
There  is  very  decided  evidence  of  wave  action  and  consequent 
vertical  motion.  The  10-in.  stand-pipe  leading  to  the  tanks  was 
lifted  out  of  its  connection  with  the  main,  stripping  the  threads 
connecting  it  to  a  cast-iron  flange. 

"The  water-tower  itself  was  wrecked,  but  in  such  a  manner  as 
to  testify  strongly  to  the  ability  of  a  steel  frame  to  withstand 
tremendous  wrenches. 

"The  tower  was  of  steel,  80  ft.  high,  and  was  made  up  of  six- 
teen Z-bar  columns,  four  rows  of  four  each,  carrying  four  rows 
of  plate  girders.  Resting  on  the  plate  girders  were  1.5-in.  I-beams 
forming  the  floor  system.  The  load  consisted  of  four  tanks  with 
a  total  capacity  of  180  000  gal.     At  the  time  of  the  disaster,  there 
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were  in  the  tanks  about  125  000  gal.  As  gathered  from  those  who 
observed  this  structure  at  the  time,  and  from  the  position  of  the 
parts,  the  action  was  about  as  follows : 

"The  structure  swayed  violently.  At  the  same  time  the  tanks 
lifted  from  their  setting  and  moved  toward  the  south  in  a  series 
of  lurches.  Finally,  the  two  south  tanks  shot  off  from  the  floor 
and  struck  the  ground,  about  75  ft.  from  the  tower.  The  two  north 
tanks  had  moved  to  the  extreme  southern  portion  of  the  floor.  The 
earthquake  was  then  practically  over.  The  structure  ceased  to 
sway,  and  stood  upright.  The  movement  of  the  tanks,  however,  had 
turned  over  some  of  the  floor  beams,  and,  being  unable  to  carry 
the  load  in  this  position,  they  were  bent  downward.  Their  ends 
slipped  from  their  support,  letting  fall  the  two  remaining  tanks, 
which  in  'falling  wrecked  the  tower. 

'•The  tanks  carried  with  them  the  lateral  bracing,  and  pulled 
down  the  columns.  On  the  north  side  many  of  the  columns  still 
stand  intact  with  all  lateral  and  sway-bracing  uninjured,  excepting 
the  top  story,  which  was  pulled  down  by  the  girders. 

"The  fall  took  place  several  seconds  after  the  shake  was  over; 
and  the  tanks  seemed  to  the  observers  to  settle  slowly  through  the 
floors. 

"The  structure  will  probably  be  rebuilt  along  the  original  lines, 
as  much  of  the  material  is  uninjured.  Additional  bracing,  how- 
ever, will  be  placed  between  the  girders  to  resist  overturning;  and, 
in  place  of  the  four  wooden  tanks,  will  be  substituted  one  large 
steel  tank  anchored  to  the  I-beams. 

"*  *  *  Had  these  features  been  embodied  in  the  original 
design,  I  am  of  the  opinion  that  the  structure  would  now  be  stand- 
ing. The  possibility  of  such  movement  in  the  tanks,  however,  was 
never  contemplated  in  the  preparation  of  the  plans." 

The    lesson    to    be    drawn    from    this    failure    is    evidently    the 

necessity  for  thorough  floor  bracing  and  the  secure  anchoring  of 

'  the  load,  as  Mr.  Moore  has  pointed  out.     With  such  precautions, 

it  seems  evident  that  such  structures  can  more  successfully  resist 

earthquake  shock  than  can  most  buildings. 

Pipe  Lines. — The  effect  of  the  earthquake  iipon  pipe  lines  and 
conduits  generally  depends: 

First,  upon  the  character  of  the  foundation  in  which  the 
structure  is  placed,  ■  as  to  whether  it  is  firm  and  un- 
yielding or  such  as  will  settle  or  displace  seriously 
under  violent  agitation,  such  for  instance  as  marsh, 
filled,  or  any  soft  alluvial  soil; 
Second,  upon  the  character  of  the  structures  supporting  the 

conduit  if  laid  above  ground;  and 
Third,  on  whether  the  structure  is  intersected  by  the  fault 
line. 

As  far  as  the  Committee  has  been  able  to  ascertain,  no  con- 
siderable damage  resulted  to  any  pipe  line  which  had  been  laid 
ii',  firm  ground. 
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Water  Tiaver,  Santa  Clara  Water- WOhks.  in  Prockss  nv  Eukction. 
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All  important  failures  occurred  either  where  they  were  supported 
above  the  ground  on  wooden  trestles;  where  the  shock  produced 
serious  and  unequal  settlement;  where  subject  to  the  suspicion  of 
having  been  strained  from  other  causes;  or  where  intersected  by  tho 
fault  line. 

Of  the  three,  long,  riveted-iron,  pipe  lines  leading  from  storage 
reservoirs  into  San  Francisco,  the  middle  one,  36  in.  in  diameter, 
leading  from  San  Andreas  Reservoir,  was  fractured  at  one  point 
only.  This  was  at  Baden,  where  the  pipe  crossed  a  piece  of  marsh 
land  on  a  wooden  trestle.  A  slip  joint  had  been  providea  at  this 
point,  and  the  amount  of  movement  was  restricted  by  four  bolts 
attached  to  lugs  riveted  to  the  pipe  on  each  side  of  the  joint.  The 
^-in.  sheet  to  which  these  lugs  were  attached  was  torn  out.  Fig. 
1,  Plate  XXXIX,  shows  the  location  of  the  break  and  the  appear- 
ance of  the  pipe  after  temporary  repairs  had  been  made. 

The  44-in.  pipe  leading  from  the  San  Mateo  or  Crystal  Springs 
Reservoir  into  San  Francisco  had  three  breaks  known  to  the  Com- 
mittee. Two  of  these  were  not  serious.  The  third  was  the  most  ex- 
tensive which  occurred  at  any  point  about  the  Bay,  save  those 
immediately  on  the  fault  line  hereinafter  mentioned.  This  was  at 
the  crossing  of  the  San  Bruno  Marsh,  where,  for  a  distance  of 
about  2  000  ft.,  the  pipe  was  supported  upon  trestle  bents  resting 
on  a  pile  foundation.  The  pipe  was  pulled  apart  at  a  number  of 
places,  and  nearly  all  of  it  was  thrown  entirely  off  the  supports  on 
either  side.  The  photograph.  Fig.  2,  Plate  XXXIX,  taken  after 
making  repairs  to  the  pipe,  shows  the  location,  and  the  character 
of  the  work  during  reconstruction. 

The  trestle  supporting  the  pipe  was  no  doubt  still  substantial 
enough  to  meet  all  conditions  other  than  the  unusual  one  by  rea- 
son of  which  it  was  destroyed;  but  many  of  the  timbers  were  badly 
decayed,  and  it  is  possible  that  this  contributed  to  its  destruction. 
This  possibility  is  supported  by  the  fact  that  no  breaks  have  been 
observed  at  other  points  where  this  same  line,  supported  on  trestles, 
crosses  marsh  land.  In  these  instances,  the  trestles  were  in  good 
condition,  but  were  not  nearly  as  long  as  at  the  San  Bruno  crossing. 

The  12-in.  cast-iron  pipe,  5  miles  long,  leading  from  the  Sears- 
ville  Reservoir  to  Stanford  University,  was  cracked  in  three  places. 
All  occurred  on  horizontal  curves.  One  was  a  fractured  bell,  and 
the  other  two  presented  longitudinal  cracks,  4  or  5  ft.  long.  None 
was  accompanied  with  evidence  of  earth  displacement. 

The  pipe  line  leading  from  the  Pilarcitos  Reservoir  to  Lake 
Honda  in  San  Francisco  is,  in  small  part,  of  24-in.  cast  iron  and 
22-in.  riveted  iron,  almost  all  of  it  being  30-in.  riveted  iron.  It 
is  located  for  some  miles  along  the  route  of  the  ancient  geologic 
fault    on    which    the    rnovement    of    April    18th    occurred,    and    is 
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crossed  and  recrossed  by  it  many  times.  The  permanent  longitu- 
dinal movement  was  in  general  from  6  to  7  ft.,  and  wherever 
crossed  by  the  fault  line,  the  pipe,  whether  of  cast  or  riveted  iron, 
whether  buried  in  the  earth  or  carried  on  a  trestle,  was  badly 
shattered,  the  direction  of  crossing  determining  whether  the  pipe 
was  torn  apart  or  telescoped.  Figs.  1  and  2,  Plate  XL,  il- 
lustrate typical  fractures.  At  one  point  a  trestle,  crossing  at  a 
point  where  the  pipe  departs  some  distance  from  the  fault  line, 
was  completely  destroyed,  the  entire  trestle  and  pipe  line  being 
thrown  clear  off  its  original  site.  Figs.  1  and  2,  Plate  XLI, 
show  quite  clearly  the  appearance  of  the  surface  fracture  of  the 
ground  along  the  line  of  movement  in  the  immediate  vicinity  of 
the  pipe  line,  it  being  discernible  in  the  latter  picture  as  far  as 
the  horizon.  Fig.  1,  Plate  XLIII,  shows  by  the  offset  in  the 
fence  the  6J  ft.  of  longitudinal  displacement. 

It  is  evident  enough  that  no  precaution  can  prevent  the  failure 
of  a  structure  where  crossed  by  a  fault  line  in  the  event  of  a  move- 
ment as  great  as  that  which  here  occtu'red. 

In  San  Francisco,  all  serious  fractures  of  water  mains,  as  a 
result  of  the  earthquake,  were  due  to  lateral  displacements,  or 
^subsidences  of  filled  or  soft  ground  across  which,  unfortunately, 
the  main  supply  pipes  from  the  lower  and  middle  service  distribut- 
ing reservoirs  passed.  The  map,  Plate  XLII,  shows  these  areas 
bordered  with  a  heavy  line  where  clearly  defined  and  with  a  broken 
line  where  not  so  distinctly  and  connectedly  traceable.  The  dis- 
placement laterally  amounted  in  places  to  as  much  as  6  or  7  ft.; 
vertically,  it  amounted  to  several  feet.  Fig.  2,  Plate  XLIII, 
gives  some  idea  of  the  extent  of  this  movement,  both  laterally  and 
vertically,  at  Valencia  and  18th  Streets,  where  one  of  the  most 
serious  breaks  occurred.  It  also  shows  the  pipes  laid  temporarily 
on  the  surface  to  replace  those  parted  underground. 

It  is  evident  that  no  precautions,  save  the  entire  avoidance  of 
such  localities  in  selecting  the  routes  of  main  lines,  can  safe- 
guard a  pipe  system  against  almost  instant  disability  in  event  of 
causes  leading  to  displacements  of  svich  magnitude.  If  entire 
avoidance  is  not  possible,  in  some  cases  partial  or  entire  immunity 
from  risk  might  be  found  in  supporting  the  pipes  on  deep  pile 
foundations  extending  well  below  the  compressible  soil,  and  in  the 
use  of  heavy  flexible  joints  across  lines  of  probable  separation. 

Extending  from  Bakersfield,  in  the  south  central  part  of  the 
State,  to  Point  Richmond,  on  the  east  side  of  San  Francisco  Bay, 
the  Standard  Oil  Company  has  an  extra  heavy  8-in.  steel  screw 
pipe  for  conducting  oil,  by  relay  pumping,  a  distance  of  300  miles. 
Mr.  Page,  the  engineer  in  charge,  reports  the  line  absolutely  un- 
injured. 
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Fig  1. -Water  Tower,  Santa  Clara  Water-Works,  Before  Its  Destruction. 


Fig.  3.— Water  Tower.  Santa  Clara  Waterworks,  After  Its  Destruction,  April  18th,  ISO 
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On  the  pipe  lines  of  the  Contra  Costa  Water  Company,  sup- 
plying- the  cities  on  the  eastern  side  of  San  Francisco  Bay,  a  few 
ruptures  occurred,  all  of  which  were  in  marshy  or  low-lying  alluvial 
soil.  Because  of  a  fortunate  duplication  of  important  pipes,  and 
an  ample  storage  at  Lake  Chabot,  none  was  so  serious  as  to  inter- 
fere with  the  continuity  of  the  service,  to  any  section  of  the  region 
supplied,  for  more  than  2  or  3  hours. 

At  Alvarado,  near  the  pumping  station,  the  30-in.  riveted-iron 
force  main  conducting  the  water  to  Oakland  crosses  the  Alameda 
Creek  on  a  short  bridge.  At  a  point  just  above  the  ground,  at 
one  end  of  the  bridge,  the  pipe  was  pulled  apart  by  the  shock,  and 
the  two  ends  jammed  against  one  another  three  times  by  the  suc- 
ceeding vibrations,  the  abutting  edges  of  the  sheets  cutting  into 
each  other  at  different  places  each  time  a  total  distance  of  5  in. 
The  photographs  of  the  two  courses  taken  after  their  removal.  Figs. 
1  and  2,  Plate  XLIV,  show  the  cut  edges  on  opposite  sides  of 
the  pipe.  A  short  distance  from  this  point,  a  renewal  of  the  30-in. 
pipe  had  in  recent  years  been  made  with  24-in.  pipe  supported  for 
one  mile  on  two-pile  bents  spaced  29  ft.  between  centers.  In  this 
pipe  was  placed  a  24-in.  stop-gate  resting  on  a  concrete  foundation. 
The  piles  under  the  pipe  were  not  deeply  placed;  and  the  shake 
operated  to  settle  them  irregularly,  some  going  down  as  much  as 
G  in.  This  did  not  damage  the  pipe,  but  brought  a  strain  on  the 
gate  which  broke  off  the  flange. 

A  24-in.  riveted  pipe  lying  in  a  street  leading  across  a  tide 
marsh  in  Oakland  was  pulled  apart  5  in.  and  displaced  8  in. 
laterally  by  the  settling  of  the  entire  street. 

One  12-in.  cast-iron  pipe  near  the  water  front  in  East  Oakland 
was  drawn  apart  at  the  joint,  and  one  or  two  breakages  occurred 
on  a  long  line  of  8-in.  pipe  leading  to  the  Southern  Pacific  Rail- 
road Broad-Gauge  Pier. 

These  were  all  the  breaks  that  occurred  on  the  several  hundred 
miles  of  pipe  in  use  on  the  east  side  of  San  Francisco  Bay. 

Conclusions  to  be  Drawn. 

The  conclusions  of  the  Committee  are  as  follows: 

First. — That  greater  attention  in  the  future  should  be  given  to 
the  avoidance,  when  possible,  of  threatening  geologic  faults,  in  the 
location  of  important  water-works  structures,  than  has  sometimes 
been  given  in  the  past. 

Second. — That  skillfully  designed  and  well-built  earthen  dams 
are  structures  proven  by  the  great  earthquake  of  April  18th,  1906, 
to  be  of  great  stability,  and  deserving  of  increased  confidence. 

Third. — That  concrete  dams  of  gravity  section  are  able  to  with- 
stand earthquake  shocks  of  great  severity  without  damage. 
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Fourth. — That  distributing  reservoirs,  pumping  machinery, 
elevated  tanks  and  stand-pipes,  if  made  secure  as  to  foundations, 
and  intelligently  designed  along  lines  of  the  best  accepted  practice, 
will  be  found  capable  of  withstanding  earthquake  shocks  suffi- 
ciently severe  to  work  the  general  destruction  of  most  buildings. 

Fifth. — That  pipe  lines  or  conduits,  of  any  character  whatever, 
are  almost  certain  to  fail  when  intersected  by  a  plane  of  large 
movement,  whether  that  movement  be  in  the  nature  of  a  faulting, 
or  a  sliding  or  settling  of  the  earth  in  consequence  of  earthquake 
shock;  and  that  in  choosing  locations  for  such  structures  it  is 
prudent,  as  far  as  practicable,  to  avoid  localities  subject  to  such 
movements. 

That  in  planning  distributing  systems  for  cities,  the  important 
supply  pipes  should  be  located  along  routes  carefully  selected  for 
stability;  and  that  areas  liable  to  serious  disturbance  should  be  so 
segregated  in  the  piping  system  as  to  make  them  easily  and  quickly 
separable  from  the  remainder  of  the  system. 

Sixth. — That  close  adherence  should  be  given  to  the  recog- 
nized standards  of  the  best  present  practice,  such  as  the  use  in 
distributing  systems  of  an  abundance  of  suitably  placed  gates  for 
isolating  different  pipes  and  different  sections;  the  preservation  of 
such  gates  in  working  condition;  and  having  their  location  easily 
ascertainable,  both  in  the  street  and  in  the  office  records;  the  dupli- 
cation, along  widely  separated  routes,  of  the  critically  important 
main  supply  pipes;  the  maintenance  in  as  close  proximity  as  may 
be  to  the  centers  of  use  of  an  ample  storage  supply  of  water;  and 
the  use  of  types  of  substantial  design  in  working  out  plans  for 
structures  subject  to  possible  earthquake  shock. 

In  conclusion,  the  Committee  gratefully  acknowledges  its  obli- 
gation to  those  who  have  rendered  to  it  valuable  aid,  and  particu- 
larly to  the  officials  of  the  corporations  controlling  the  water-worka, 
for  facilities  for  making  inspections.* 

*  This  report  was  accompanied  by  29  photographs,  from  which  17  have  been  selected 
for  reproduction.    They  are  shown  m  Plates  XXXI  to  XLIV.' 
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Fia.  I.— San  Andreas  36-In.  Pipe  Line  Near  Baden,  as  TEMPORARrLY  Repaired. 


Fig.  2.  -Crystal  Springs  4J-In.  Pipe  Line  Crossing  San  Bruno  Marsh. 
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APPENDIX    D. 


REPORT    OF   COM/VIITTEE    ON    THE    EFFECT  OF  THE    EARTH- 
QUAKE ON  LOCAL  TRANSPORTATION  AND 
LIGHTING  PLANTS. 


Committee  : 
A.  M.  HuxT. 


Street-Car  TracJcs. — The  injury  cavised  to  the  street-car  tracks 
^vas  relatively  slight.  Where  the  tracks  crossed  the  areas  within 
which  there  was  actual  displacement  of  the  ground,  they  were 
moved  bodily,  and  there  was  serious  sinking.  Wherever  this  oc- 
curred, it  was  on  ground  that  had  been  filled. 

The  slots  of  cable  roads  were  carefully  inspected  after  the  fire, 
and  in  numerous  places  in  the  burned  district  were  found  closed. 
A  characteristic  closure  of  the  cable  slots  is  shown  by  Plate  XLV. 
Except  within  the  areas  of  slips,  above  noted,  these  points,  with 
few  exceptions,  were  foimd  only  in  the  burned  district,  and  the 
evidence  points  to  its  being  due  mainly  to  expansion  caused  by 
the  excessive  heat.  The  fact  that  the  Geary  Street  line,  which  is  a 
cable  road,  operated  for  several  hours  after  the  earthquake,  is  very 
pertinent. 

In  the  opinion  of  the  Committee,  and  judging  from  the  avail- 
able evidence,  any  of  the  cable  lines,  except  the  Valencia  Street 
line,  could  have  been  put  in  condition  to  operate,  as  far  as  the  cable 
slot  and  conduit  are  concerned,  in  a  few  days,  had  not  the  fire  fol- 
lowed the  shake.  The  result  of  the  fire  and  the  falling  debris  was 
to  put  them  entirely  out  of  business,  and  make  the  amount  of 
work  necessary  to  put  them  into  shape  very  serious. 

Many  of  the  trolley  lines  outside  of  the  burned  district  were 
in  such  shape  that  they  could  have  been  operated  at  any  time,  but, 
owing  to  the  fire  hazard  from  the  tangle  of  other  wires,  and  the 
lack  of  water  in  many  districts,  they  were  not  started  for  some 
days. 

The  trolley  lines  unquestionably  substantiate  the  claim  that 
such  systems  are  flexible,  and  admit  of  emergency  work  to  an  ex- 
tent not  equalled  by  any  others. 

The  Bryant  Street  power-house  of  the  United  Eailroads  was 
practically  uninjured.  The  North  Beach  plant  of  the  same  com- 
pany was  temporarily  crippled  by  the  brick  stack  being  shaken  off 
and  the  roof  collapsing. 

Gas  Plants. — Immediately  after  the  earthquake,  all  gas  was  shut 
off  the  city  lines,  but   sufficient  gas   was  in  the  mains  to   cause 
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numerous  explosions  as  the  fire  progressed.  With  the  exception  of 
the  North  Beach  plant,  the  various  gas-works  were  uninjured.  The 
damage  to  mains  was  principally  due  to  explosions. 

As  service  was  gradually  restored,  it  was  found  that  the  house 
pipes,  except  in  very  few  instances,  were  not  damaged. 

Electric  Light  Plant. — The  electric  lighting  plant  of  the  San 
Francisco  Gas  and  Electric  Company  suffered  very  little  injury  by 
the  earthquake,  but  the  fire  destroyed  all  the  distributing  sub- 
stations, and  played  havoc  with  the  overhead  distributing  lines. 
The  underground  conduit  system  and  the  Edison  tubing  came 
through  both  earthquake  and  fire  in  very  good  shape. 

Miscellaneous.—Br\c\i  stacks  of  power  plants  were  in  most  in- 
stances broken  off,  while  well-guyed,  steel  stacks  stood  without 
injury. 
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Fig.  1.— Break  in  Pilarcitos  Pipe  Line. 


Fig.  2.     Break  in  Pilarcitos  Pipe  Line. 


it 
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APPENDIX    E. 


REPORT    OF    COMMITTEE    ON    THE    EFFECT    OF    THE 
EARTHQUAKE  ON  RAILWAY  STRUCTURES. 


Committee  : 
J.  H.  Wallace,  H,  C.  Phillips,  E.  M.  Drake,  E.  M.  Boggs, 


Within  the  area  of  destructive  eifect  of  the  earthquake  of  April 
18th,  1906,  the  following  railroad  companies  are  operating:  South- 
ern Pacific,  Atchison,  Topeka  and  Santa  Ye,  California  North- 
western, and  North  Shore. 

In  common  with  other  property  owners,  they  all  suffered  more 
or  less  from  the  falling  of  chimneys  and  cornices,  the  cracking  of 
brick  walls  and  the  falling  of  old  and  weak  buildings. 

The  structures  peculiar  to  railroads,  which  were  affected,  are 
embankments,  trestles,  bridges,  tunnels,  and  water-  and  oil-tanks. 

Embanhments. — Embankments  across  marshes,  or  with  soft 
strata  underlying  them,  settled  more  or  less.  In  some  cases  the 
settlement  was  vertical;  in  other  cases  there  was  considerable  hori- 
zontal with  the  vertical  movement. 

At  one  point  on  the  marsh  between  Benicia  and  Suisun,  on  the 
Southern  Pacific,  the  settlement  was  11  ft.;  at  another  point,  5  ft. 
These  were  nearly  vertical. 

Between  Niles  and  San  Jose,  on  the  Southern  Pacific,  there 
was  at  one  point  a  displacement  of  3  ft.  horizontal,  but  the  verti- 
cal displacement  was  only  6  in. 

On  the  North  Shore,  about  2  miles  north  of  Point  Reyes,  the 
road,  originally,  had  been  constructed  with  pile  trestles  across  sev- 
eral arms  of  Tomales  Bay;  these  trestles  had  been  filled  about  15 
years  ago,  the  road-bed  being  about  8  ft.  above  ordinary  high  tide. 
Two  of  these  embankments,  2  200  ft.  and  900  ft.  long,  respectively, 
sank  until  the  water  at  high  tide  washed  over  the  rails. 

Settlements  of  this  character,  and  of  more  or  less  severity,  were 
common  on  all  railroads  operating  about  the  Bay  of  San  Fran- 
cisco and  its  tributaries. 

Trestles. — Trestles  over  marshes  suffered  more  or  less  from  the 
movement  of  the  soft  material  into  which  the  piles  were  driven. 
The  most  serious  damage  was  at  Fallon s,  on  the  North  Shore,  where 
a  trestle,  600  ft.  long  and  70  ft.  high,  was  thrown  down.  This 
trestle  was  constructed  of  framed  bents  on  piles.  Portions  of  the 
trestle  over  Lagunitas  Creek,  about  a  mile  from  Point  Eeyes,  were 
thrown  entirely  off  the  piles,  the  piles  themselves  being  moved 
down  stream. 


350  REPORTS  ON   THE  SAN"  FRANCISCO   EARTHQUAKE     [Papers. 

On  the  other  roads  the  effect  on  trestles  was  very  slight. 

Draw-Bridges. — Draw-bridges  across  the  little  creeks  and  inlets 
around  San  Francisco  Bay,  being  generally  on  soft  ground,  were 
affected  by  a  slight  movement  of  their  piers,  in  many  cases  result- 
ing in  the  bridge  binding  so  that  it  could  not  be  opened  until 
some  repairs  were  made. 

The  draw-bridge  at  Black  Point,  over  Petakmia  Creek,  on  the 
Sonoma  Branch  of  the  California  Northwestern,  was  open  at  the 
time  of  the  earthquake,  and  was  thrown  off  its  center  2  ft.  to  the 
east  and  1  ft.  to  the  north.  This  is  a  steel  structure,  220  ft.  long, 
on  four  iron  caissons,  filled  with  concrete,  on  pile  foundations. 

Fixed  Bridges. — With  a  few  exceptions,  fixed  bridges  were  not 
affected  seriously.  The  bridges  over  the  Russian  River,  at  Healds- 
burg,  and  at  Bohemia,  on  the  California  Northwestern,  were  both 
shifted  slightly  on  the  piers  at  one  end. 

At  Duncan  Mills,  on  the  North  Shore,  a  combination  span,  120 
ft.  long,  had  the  eye-bars  in  the  lower  chord  buckled  by  movement 
of  the  abutments  toward  each  other. 

The  Southern  Pacific  Bridge  across  the  Pajaro  River,  at  Wat- 
sonville,  consisting  of  four  80-ft.  wooden  spans  on  pile  piers,  had 
the  second  pier  from  the  east  end  moved  (up  stream)  about  3  ft. 

The  bridge  across  the  Pajaro  River,  near  Chittenden,  on  the 
Southern  Pacific,  was  badly  damaged.  The  "line  of  fault"  crosses 
this  bridge  near  the  west  end.  The  bridge  consists  of  three  120-ft. 
riveted  spans  with  50-ft.  girders  at  each  end.  The  general  effect 
of  the  movement  of  the  earth  along  the  fault  line  was  to  increase 
the  distance  between  the  east  and  west  abutments  by  3.5  ft.  The 
shock  affected  all  piers  and  abutments  more  or  less.  Pig.  3  is  a 
plan  showing  the  original  position  of  this  bridge  and  the  displace- 
ment of  the  piers;  and  Figs.  1,  2,  and  3,  Plate  XL VI,  are  photo- 
graphs of  some  of  the  piers. 

At  the  east  abutment,  or  Pier  1,  the  wing- walls  cracked  and 
settled  about  1^  in.  At  Pier  2,  the  coping  stone  was  displaced. 
Pier  3  was  moved  eastward  from  its  original  position  0.55  ft.;  the 
north  end  settled  4  in.,  and  the  south  end  was  raised  2  in.  The 
coping  stone  was  loosened.  This  pier  cracked  in  two  places,  the 
cracks  being  horizontal;  they  probably  occurred  along  the  line 
marking  the  end  of  a  day's  work. 

Pier  4  was  moved  westward  0.8  ft.  at  its  center,  and  was  twisted 
slightly,  the  movement  being  a  little  more  at  the  south  than  at  the 
north  end.  It  was  raised  about  0.16  ft.  at  the  south  end  and  about 
0,02  ft.  at  the  north  end.  This  pier  has  a  horizontal  crack,  probably 
on  the  line  marking  the  end  of  a  day's  work.  The  portion  above  the 
crack  moved,  with  reference  to  the  portion  below  it,  eastward  0.16 
ft.     The  lower  portion  of  the  pier  actually  moved  westward  0.8  ft.. 
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-as  noted  above.     The  coping  stone  was  loosened  but  not  displaced 
to  any  extent. 

The  base  of  Pier  5  was  moved  westward  3.5  ft.,  and  settled  0.4 
"ft.  The  pier  broke  along  a  horizontal  line  close  to  the  ground  sur- 
face, and  the  upper  portion  was  moved  eastward,  with  reference  to 
the  lower  portion,  0.25  ft.  The  coping  was  torn  from  the  top  of 
the  pier,  being  dragged  by  the  end  of  the  span  anchored  to  it  about 
2  ft.  from  its  proper  position. 

Pier  6,  or  the  west  abutment,  was  moved  3.5  ft.  eastward,  but 
does  not  appear  to  be  damaged. 

The  end  of  the  50-ft.  girder  which  landed  on  this  abutment 
was  dragged  off  the  bridge  seat,  but  did  not  fall,  being  held  up  by 
the  fastenings  of  the  rail  and  the  riveted  connections  to  the  next 
•span  to  the  east. 

Piers  1,  2  and  3  are  founded  on  shale;  Pier  4  is  founded  on 
•sandstone  at  the  south  end  and  on  shale  at  the  north  end,  the 
greater  part  of  the  pier  being  on  shale.  Piers  5  and  6  are  on  sand- 
stone. 

From  this  bridge  to  the  line  of  fault  in  Wright's  Tunnel,  the 
course  is  N.  50°  W.,  which  corresponds  with  the  direction  of  the 
line  of  fault  in  the  tunnel  at  Wright's. 

The  bridge  was  built  in  1900,  replacing  a  wooden  bridge.  In 
3890  there  was  an  earthquake  which  threw  the  bridge  out  of  line, 
•one  end  being  shifted,  with  reference  to  the  other,  about  1  ft. 

Tunnels. — In  general,  tunnels  seem  to  have  been  affected  only 
by  the  displacement  or  loosening  of  the  material  in  the  sides  and 
roof,  caused  by  the  shaking  of  the  ground.  The  effect  of  this 
was  to  crush  the  timbers. 

The  new  tunnels  being  constructed  by  the  Southern  Pacific 
Railroad  on  the  Bay  Shore  line,  in  the  southern  part  of  San  Fran- 
cisco, were  not  injured  at  all. 

The  tunnel  at  Wright's  Station,  on  the  South  Pacific  Coast 
Railway  (Southern  Pacific  Company),  was  on  the  line  of  the  fault, 
and  suffered  considerable  damage.  The  tunnel  is  6  225  ft.  long. 
The  line  of  fault  crosses  the  tunnel  about  400  ft.  from  the  north 
portal ;  the  movement  at  this  point  was  5  ft.,  practically  at  right 
•angles  to  the  axis  of  the  tunnel.  The  direction  of  the  line  of  fault 
is  N.  50°  W, 

In  addition  to  this  slip  along  the  fault  line,  the  timbers  are 
"broken,  and  rock  and  earth  caved  in  from  the  roof  and  sides  at  a 
number  of  points. 

The  next  tunnel  south,  which  is  5  720  ft.  long,  was  also  badly 
•damaged,  the  damage,  however,  being  confined  entirely  to  broken 
timbers  and  caves  from  the  roof.  On  the  morning  of  April  13th 
it  was  possible  to  walk  through  this  tunnel,  but  the  minor  shocks 
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that  occurred  during  the  day  shook  down  enough  material  to  block 
it  completely  at  four  points,  each  ranging  from  15  to  40  ft.  in. 
length.  In  addition  to  these  four  large  caves,  150  sets  of  timbers 
were  broken  and  scattered  throughout  the  entire  length  of  the 
tunnel. 

The  other  tunnels  along  this  line,  between  Glenwood  and  Santa 
Cruz,  were  not  damaged  to  any  extent.  In  one  of  them  one  set 
of  timbers  was  broken,  in  another,  two  sets  were  broken. 

Tanks. — Several  tanks  on  the  different  roads  were  throwni 
down.  In  all  cases,  however,  these  were  on  wooden  or  cast-iron; 
frames,  not  braced  to  stand  the  twisting  motion  which  accompanied 
this  earthquake.  Tanks  on  riveted  frames  did  not  fall,  though  in 
several  instances  they  were  severely  damaged  and  thrown  out  of 
plumb. 

Overturned  Cars. — At  Chittenden  Station,  on  the  Southern 
Pacific,  three  box-cars,  two  of  them  loaded,  standing  on  the  side 
track,  were  turned  over.  The  track  at  this  point  runs  N.  51°  W., 
and  the  cars  were  turned  over  to  the  right  side  of  the  track. 

On  the  North  Shore  (3-ft.  gauge),  a  passenger  train  consisting 
of  three  cars  and  an  engine,  standing  on  the  track  at  Point  Reyes, 
was  thrown  over  on  its  side,  as  shown  by  Fig.  2,  Plate  XL VII. 

A  freight  train  on  the  Southern  Pacific,  which  was  running  at 
the  time  toward  San  Francisco,  a  few  miles  south  of  Chittenden,, 
was  derailed. 

In  the  mountain  region  adjoining  the  line  of  fault  there  were 
a  great  many  slides  of  earth  and  loose  rock.  When  these  occurred  in 
railroad  cuts  there  was  some  little  delay  of  traffic,  but  the  actual 
damage  was  small. 
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APPENDIX    F. 


REPORT   OF    COMMITTEE    ON    THE    EFFECT    OF   THE 
EARTHQUAKE   ON    HIGHWAY   STRUCTURES. 


Committee  : 
Marsden  Manson,  C.  E.  Moore,  E.  F.  Haas. 


In  carrying  out  the  matter  of  inquiry  into  damages  to  high- 
•way  bridges,  letters  were  written  to  all  County  Surveyors  in  the 
region  affected  by  the  earthquake.  Only  Alameda  County  has  re- 
plied, so  far,  the  reports  being  "no  damage;"  all  bridges  in  the 
county  are  of  non-reinforced  concrete  from  80  ft.  (1)  to  60  ft.  (2), 
and  then  down  to  3-ft.  culverts.  All  large  bridges  have  been  care- 
fully inspected — not  a  crack  reported  in  any. 
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Fig.  1.— LoNGiTUDix.iL  Displacement  on  the  Fault  Line,  as  Shown  by  a  Fence  at  a  Place 
Intersecting  the  Pilarcitos  Pipe  Line. 


Fig.  2.— Displacement  of  Ground  at  Eighteenth  and  Valencia  Streets,  San  Francisco 
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Characteristic  Closure  of  Cable  Slots  in  Burned  District  of  San  Francisco.    The  View 
ALSO  Shows  Broken  Cast-Weld  Joints,  and  Extreme  Warping  of  Rails. 
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Fig.  1.— Pier  2.  Pajaro  River  Bridge. 


Fig.  2.— Pier  5,  Pajaro  River  Bridge. 
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Fig.  1.— Bridge  39,  North  Shore  Railway,  After  the  Earthquake. 


Fig.  2. — Passenger  Train  at  Pt.  Reyks,  North  Shore  Railway.  Overturned  by  the 

Earthquake. 
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RAINFALL, 
AND  RUN-OFF  IN  STORM-WATER  SEWERS. 

Discussion.* 


By  Messrs.  A.  Marston,  W.  B.  Ruggles,  Emmet  A.  Steece 
AND  L.  J.  Le  Conte. 


A.   Marston,  M.   Am.    Soc.   C.   E.    (by  letter). — The  most   im-  mt.  Maraton- 
portant  part  of  this  paper  seems  to  the  writer  to  be  the  general 
presentation  of  the  following  principles : 

First. — The  water  falling  on  the  so-called  "impervious"  area 
of  an  ordinary  sewer  water-shed  does  not  all  run  off  as  fast  as  it 
falls,  but  part  of  it  accumulates  in  increasing  quantity  on  the  sur- 
face during  downpours  of  moderate  length,  such  as  cause  the  maxi- 
mum discharges  from  sewer  districts  of  ordinary  size. 

Second. — As  the  storm  continues  at  the  same  rate,  the  ratio  of 
run-off  from  the  "impervious"  area  to  the  rate  of  rainfall  increases, 
owing  to  the  increased  depth  and  velocity  of  the  surface  flow 
toward  the  sewer,  until  finally,  if  the  storm  lasts  long  enough,  the 
rate  of  run-off  from  the  "impervious"  areas  becomes  equal  to  100% 
of  the  rate  of  rainfall. 

Third. — The  "pervious"  area  becomes  more  and  more  saturated 
with  water  as  the  storm  continues,  and  there  will  be  a  percentage  of 
run-off  from  "pervious"  areas  increasing  from  0  for  short  storms 
to  quite  a  large  percentage  for  storms  lasting  several  hours. 

There  can  be  no  question  as  to  the  general  truth  of  these  three 
principles,  but  when  the  author  attempts  to  go  further  and  present 
definite  curves  and  formulas,  as  in  Fig.  8,  purporting  to  show  the 
exact  laws  of  change  in  the  percentage  of  run-off  with  relation  to 

*  Continued  from  February.  1907,  Proceedings. 
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Mr.  Marston.  the  time  elapsed  since  the  beginning  of  the  storm,  the  writer  be- 
lieves he  is  going  beyond  what  the  present  meager  data  from  gaug- 
ings  of  storm  sewers  warrant. 

These  data  are  not  very  extensive,  and  the  author  himself  points 
out  their  many  defects.  For  many  years  engineers  have  been 
criticising  the  old  run-off  formulas,  and  new  formulas,  based  on 
insufficient  data,  should  be  avoided. 

All  that  engineers  are  at  present  warranted  in  doing  is  to  make 
some  deduction  from  100%  run-off  from  the  "impervious"  areas, 
for  short  storms  in  favorable  cases,  and  some  increase  above  0% 
(say  varying  up  to  20%  for  1-hour  storms,  with  average  soil  and 
slopes)  in  the  run-off  from  the  "-pervious"  areas  for  long  storms, 
both  the  deduction  and  the  addition  being  at  present  left  to  the 
judgment  of  the  engineer,  in  view  of  his  general  knowledge  and  his 
familiarity  with  local  conditions. 

The  gaugings  shown  on  Plate  CXVIII  are  of  considerable  value 
and  interest,  though  they  are  not  reliable  as  to  relative  times  of 
rainfall  and  sewage  flow  fluctuations,  because  the  automatic  rain 
gauge  was  2  miles  away. 

The  storm  of  August  21st  is  especially  interesting,  on  account 
of  the  three  successive  downpours,  giving  three  principal  discharge 
maxima,  approximately  at  7,  7.30,  and  8.30  a.  m.  These  illustrate 
very  clearly  the  danger  of  adopting  any  theory  which  would  make 
the  rate  of  run-off  start  in  at  0  at  the  beginning  of  the  downpour 
which  causes  the  maximum  discharge,  as  indicated  by  the  curves 
and  formulas  of  Fig.  8. 

The  fact  is  that  there  is  always  a  possibility  that  at  the  begin- 
ning of  the  maximum  downpour  which  determines  the  maximum 
rate  ^f  run-off,  an  immediately  preceding  downpour,  only  a  little 
less  in  rate,  may  have  already  heavily  flooded  the  water-shed,  and 
increased  the  percentage  of  run-off  from  both  "impervious"  and 
"pervious"  areas.  Thus  the  downpour  from  7  to  7.30  a.  m.,  on 
August  21st,  superposed  its  run-off  iipon  the  afterflow  of  the 
preceding  downpour,  and  brought  the  maximum  rate  of  run-off  up 
to  approximately  78%  of  the  average  rate  of  the  preceding  30-min. 
rainfall. 

This  is  close  to  the  total  percentage  of  "impervious"  area  of 
the  sewer  district,  flgured  as  recommended  by  Emil  Kuichling,  M. 
Am.  Soc.  C.  E.,  by  taking  only  80%  of  the  area  of  first-class  pave- 
ments. 

One  is  forced  to  wonder  what  the  discharge  of  the  sewer  would 
have  been  from  the  30-min.  downpour  from  9.10  to  9.40  a.  m.,  on 
August  4th,  if  it  had  been  closely  preceded  by  a  heavy  downpour, 
as  was  the  case  on  August  21st. 

The  percentage  of  maximum  run-off  is  also  greatly  affected  by 
the  distribution  of  the  rain  through  the  downpours,  as  may  be  seen 
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by   comparing   the   30-min.    rains   of  June   26th,   and   August   4th.  Mr.  Marston. 
The    first    gave    approximately    71%,    maximum    run-oflf,    and    the 
second  only  53i%,  the  difference  being  attributable  to  the  fact  that 
the  heaviest  rainfall  occurred  at  the  end  of  the  June  26th,  and  at 
the  beginning  of  the  August  4th  downpours. 

In  regard  to  the  ''time  of  concentration,''  it  seems  to  the  writer 
that  the  author  is  in  error  in  assuming  that  usually  no  addition 
need  be  made  to  the  time  required  for  flow  through  the  longest 
sewer  to  allow  for  the  time  required  for  water  to  reach  the  sewer 
from  the  gutters  and  roofs  at  the  most  remote  point.  He  argues 
that  this  would  be  balanced  by  the  time  required  for  the  water  to 
reach  the  sewers  from  the  gutters  and  roofs  nearest  to  the  outlet, 
but  this  cannot  usually  be  the  case,  for  the  increased  quantity  of 
water  from  the  surface  immediately  around  the  nearest  street  inlet 
must  usually  begin  to  enter  the  sewer  within  1  min.  of  the  begin- 
ning of  a  heavj^  downpour  preceded  by  a  lighter  rain.  The  curves 
on  Plate  CXVIII,  which  he  cites,  are  not  reliable,  as  regards 
relative  times  of  rainfall  and  flow,  for  the  rain  gauge  was  2  miles 
away,  and  he  does  not  state  whether  the  sewer  gauge  was  not  some 
distance  from  the  nearest  street  inlet. 

Alva  J.  Grover,  Assoc.  M.  Am.  Soc.  C.  E.,  on  Plate  IV  of  his 
paper  "Flood  Waves  in  Sewers,  and  Their  Automatic  Measure- 
ments,"'^ presents  some  simultaneous  automatic  gaugings  of  rain- 
fall and  sewage  flow  at  Omaha,  ]^ebr.,  which  appear  to  be  perfectly 
reliable,  as  regards  relative  times,  and  show  a  practically  instan- 
taneous response  of  the  sewer  flow  to  the  rainfall. 

In  regard  to  new  rainfall  curves  and  formulas,  it  would  appear 
that  a  number  of  curves  and  formulas  can  be  found,  all  representing 
the  known  facts  fairly  well.  The  case  is  similar  to  that  of  formulas 
for  safe  loads  on  columns  for  bridge  specifications.  In  each  case 
the  formulas  which  make  the  calculations  most  simple  have  im- 
portant advantages  over  the  others.  Exponential  functions  do  not 
appeal  to  the  writer  as  being  convenient  for  calculations;  compare, 

105         .  32. 

for  example,   Talbot's  well-known  rp  .    -.  ~  with  the  proposed       j- 

J    +    lO  Jig 

The  writer  has  yet  to  find  any  general  rainfall  curves  better 
fitted  to  published  rainfall  data,  or  simpler  to  use,  than  Talbot's 
well-known  and  simple  formulas. 

•W.  B.  EuGGLES,  M.  Am.  Soc.  C  E.  (by  letter).— The  author  of  Mr.  Ruggies. 
this   excellent    paper   quotes   the    deductions   from   Mr.    Kuichling's 
experiments : 

"1. — The  percentage  of  rainfall  discharged  from  any  given 
drainage  area  is  nearly  constant  for  heavy  rains  lasting  equal 
periods  of  time. 
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Mr.-Euggles-         "2. — This  percentage  varies  directly  with  the  area  of  impervious 
surface." 

It  is  not  the  writer's  purpose  to  dissent  from  these  conclusions 
as  applied  to  any  roof-covered  or  paved  areas — although,  even  in 
New  York  City,  10%  of  the  area  upon  which  Mr.  Hering's  experi- 
ments were  made  was  composed  of  grass — but  to  suggest  a  guard 
against  hasty  application  of  these  rules  (clearly  not  intended  by 
the  author  or  experimenter)  to  drainage  districts  having  areas 
largely  of  cultivated  lands,  or  covered  with  vegetation,  especially 
the  dense,  heavy-bladed,  cup-like  vegetation  of  the  tropics,  and  with 
a  light  soil  of  vegetable  mould.  Taking  as  an  example  the  drain- 
age of  areas  along  the  Panama  Canal,  it  has  been  observed  that  at 
the  end  of  the  dry  season,  of,  say,  4  months,  when  everything  is 
parched,  a  rainfall  of  3J  in.,  from  12  to  9  p.  m.,  followed  next  day 
by  a  like  amount  from  12  to  4  p.  M.,  did  not  yield  nearly  so  great 
a  run-off  at  a  large  pipe  opening,  readily  observed,  as  would  a  little 
more  than  half  as  much  (during  the  same  time)  later  in  the  sea- 
son when  everything  was  saturated  by  the  daily  rains.  Even  at 
the  latter  period,  area  for  area,  it  would  hardly  be  expected  to  yield 
such  a  run-off  as  occurred  in  the  Ohio  River  Valley  in  the  record 
flood  of  that  stream  (which,  in  1884,  at  Cincinnati  reached  a  stage- 
of  71  ft.  Of  in.  above  low  water)  when  the  rainfall  was  mainly 
upon  frozen,  sleet-covered,  but  sometimes  temporarily  thawing, 
ground,  corresponding  in  condition  much  more  nearly  to  that  of 
paved  areas  than  could  otherwise  exist  over  so  large  a  region.  The 
writer  has  not  at  hand  the  figures  for  the  area  or  volume  of  that 
flood,  but,  if  available,  they  would  probably  lend  support  to  the 
conclusions  reached  by  Mr.  Kuichling. 

TABLE  7. — Heavy  Rainfalls  i>:   Cuba,  Nicaragua,  and  Panama. 


ii 

•9S 

o  c 

Place. 

Date. 

12 

Remarlcs. 

03-2 

«a 

Q° 

Santiago,  Cuba 

Sept.  3,  190a... 

10.58 

12  hours. 

Ending  8  p.  m.  (  By  U.  S.  Weather 

Sept.  6,  1900... 

33.30 

60 

Ending  8  a.  m.  (  Bureau  Reports. 

Matanzas,  Cuba 

Apr.    6,1901... 

4.7 

n    " 

Between  7.30  and  9  p.  m. 

1901  or  1903*.. 

6.92 

24        " 

Almost  exactly  the  same  rainfall 
was  report*»d  for  Havana  on 
the  same  day. 

Oreytown.  Nicaragua. 

July  18,  1891... 

8.17 

9 

Dec.    5.1892... 

8.75 

24 

La  Boca,  Canal  Zone. . 

Nov.  17.  1906... 

7.3 

24 

Most  of  this  precipitation  oc- 
curred in  12  hours 

Culebra,  Canal  Zone. . 

Oct.  34.  1890. . . 

4.73 

24 

On  the  Continental  Divide. 

1.             ,.         k. 

Dec.    3.1906... 

5.55 

34 

F.mpire,  Canal  Zone.. 

Dec.    3,1906... 

6.15 

24 

Of  this,  5.6  in.  fell  in  14  hours. 

Culebra,  Canal  Zone. . 

May  10-20, 1897. 

20.3 

10  days. 

The  total  fall  for  May,  1897,  was 
32.86  in. 

*  Memorandum  of  exfictdate  mislaid. 
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Now   that   the  requirements  of  sanitation  are  leading  to  new  Mr.  Ruggies. 
or  improved  sewerage  systems  in  Panama,   Cuba,  Porto  Rico  and 
other  tropical  countries,  more  or  less  under  the  direction  of  Ameri- 
can engineers,  occasion  is  taken  to  call  attention  again  to  the  greater 
rainfall  of  those  countries,  as  shown  by  Table  7. 

Emmet  A.  Steece,  M.  Am.  Soc.  C.  E.  (by  letter). — This  problem,  Mr.  steece. 
so  ably  handled  by  the  author,  is  one  which  engineers  have  tried 
to  solve  in  only  a  desultory  way  for  years,  and  its  importance  is 
worthy  of  more  consideration  than  it  has  received. 

The  writer  is  of  the  opinion,  however,  that  a  more  thorough 
and  systematic  investigation  of  the  subject  will  be  necessary  be- 
fore any  convenient  comprehensive  formulas  can  be  written. 

The  various  formulas,  including  those  by  the  author,  contain 
definite  expressions  of  the  slope  of  the  surface,  without  consider- 
ing the  element  of  perviousness  except  by  indefinite  factors. 

In  the  average  impervious  district  the  portion  affected  by  slope 
is  rarely  more  than  50  per  cent.  What  effect,  then,  has  the  slope  of 
the  surface  upon  the  remaining  50%,  covered  by  structures  of  every 
conceivable  shape,  and  with  rain-water  conductors  of  directions 
as  various? 

Let  it  be  fully  considered  that  any  formula  which  does  not 
have  an  arrangement  of  factors  which  will  make  it  applicable  to 
different  climates  is  also  without  material  value,  for,  in  the  North 
the  entire  surface  often  becomes  impervious,  as  when  the  ground 
is  saturated  and  frozen,  and  in  the  South  the  surface  conditions 
change  but  slightly  in  comparison. 

The  writer  has  made  many  observations  of  drain  discharge  of 
rainfall,  but  has  not  considered  them  fit  for  publication  for  the 
reason  expressed  by  Mr.  Gregory  in  his  comments  on  some  found 
in  engineering  literature,  namely,  their  incompleteness. 

The  writer  believes  that  the  best  solution  of  the  problem  will 
be  accomplished  by  as  complete  an  investigation  as  has  been  given 
to  the  properties  of  engineering  materials;  fully  illustrated  by 
photographic  views  of  the  site  of  each  experimental  district,  rather 
than  formulas  based  upon  a  few  disconnected  individual  experi- 
ments, widely  scattered  and  vaguely  stated. 

L.  J.  Le  Conte,  M,  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  Mr.  LeConte. 
much  impressed  by  this  elaborate  paper.  The  author's  collection  of 
data  and  his  criticisms  of  the  various  formulas  are  very  interesting. 
Erom  a  sense  of  duty,  however,  the  writer  feels  compelled  to  call 
attention  to  the  fact  that,  in  his  opinion,  it  is  utterly  hopeless  for 
anyone  to  attempt  to  deduce  a  useful  and  practical  general  formula 
suitable  for  application  to  any  case. that  may  conae  up  in  practice. 
It  is  the  writer's  opinion  that  a  general  formula,  which  will  inspire 
complete   confidence,   can  never   be   prepared.      This    fact    is    due 
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Mr.  Le  Conte.  primarily  to  the  large  number  of  entirely  independent  variable 
factors  necessarily  involved  in  the  final  result.  In  all  cases  like 
this,  the  only  formula  which  has  any  practical  value  is  an  empirical 
one,  based  simply  on  facts  and  observation.  Of  course,  such  a 
formula  has  naturally  a  very  limited  application;  and  great  mis- 
takes are  always  being  made,  in  trying  to  stretch  it  so  as  to  give 
it  a  wide  field  of  application.  Nothing  could  be  more  unfair  or 
irrational,  and  yet  this  is  being  done  every  day. 

The  data  really  needed  are  more  reliable  observations  and  more 
facts  as  to  the  actual  maximum  discharge  of  sewers,  noting  care- 
fully the  time  interval  between  the  crest  of  the  heavy  rainfall  and 
the  crest  of  the  maximum  sewer  discharge  following  the  heavy 
rainfall. 

All  the  physical  facts  directly  connected  with  the  case  should 
also  be  noted  as  fully  as  possible.  When  this  is  done  carefully, 
the  results  can  be  used  safely,  but  within  narrow  limits.  The 
troubles  encountered  in  this  problem  in  hydraulics  call  to  mind 
the  same  difficulties  in  computing  the  flow  and  discharge  of  streams. 
Nothing  is  so  unsatisfactory  to-day,  as  the  various  formvilas  for 
the  flow  and  discharge  of  rivers — and  yet  the  variables  in  those 
formulas  are  not  nearly  as  complicated  and  erratic  as  those  in  the 
storm-water  sewer  problem. 

All  the  river  formulas  bear  a  very  close  relation  to  the  slope  per 
mile,  since  gravity  is  the  moving  force;  but  every  student  of  river 
hydraulics  knows  that  there  is  nothing  so  variable  and  unreliable 
as  surface  slope  per  mile.  The  channel  cross-section  is  continually 
changing,  the  velocity  is  continually  changing,  and  the  slope  per 
mile  is  also  subject  to  the  most  erratic  changes.  The  only  abso- 
lutely constant  factor  is  the  discharge,  which  is  uniform.  The 
most  remarkable  instance,  as  to  slope  per  mile,  is  to  be  noted  on 
the  Mississippi  River  between  Red  River  and  Donaklsonville,  where 
there  is  a  stretch  of  river,  extending  for  at  least  40  miles,  along 
which  the  surface  slope  is  reversed,  and  is  up  stream  instead  of 
down  stream,  and  yet  the  great  river  forges  ahead  down  stream,  just 
as  if  the  slope  were  in  that  direction.  T^is  instance  is  only  men- 
tioned as  a  caution  to  engineers,  and  to  remind  them  how  careful 
they  should  be  in  taking  surface  slope  per  mile  as  a  reliable  factor. 
Nothing  is  more  unreliable,  and  yet  all  river  formulas  compel  its 
use  as  an  important  factor. 

A  great  many  of  the  older  members  of  this  Society,  no  doubt, 
have  valuable  notes  bearing  upon  the  subject  of  this  paper,  but  are 
chary  about  putting  them  in  print,  because  they  are  a  little  uncer- 
tain about  some  of  the  variable  factors.  The  writer  thinks  this 
is  a  great  mistake.  The  more  observed  facts  that  can  be  obtained, 
the  better   can  the  whole  category   of  facts   be  examined,   and   in 
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due  course  of  time  engineers  will   arrive  at  more  intelligent  con-  jjr^  Le  Coute. 
elusions. 

In  the  case  of  Hawksley's  original  formula,  although  the  rain- 
fall was  considered  in  a  general  way,  yet  it  is  noticed  that  when 
he  came  to  frame  his  formula  for  practical  use  he  discarded  rain- 
fall entirely.  As  the  writer  understands  it,  his  original  formula 
contained  no  rainfall  factor.  He  simply  considered  the  area  of 
the  tributary  water-shed  and  the  average  slopes  of  the  ground 
surface,  and  then  he  carefully  gauged  the  storm-water  discharge 
of  the  sewers  after  heavy  rainfalls.  He  also  noted  the  height  of 
the  flood  wave  as  it  passed  the  gauging  station,  and  the  time  length 
of  the  same  wave,  as  near  as  might  be.  He  fully  appreciated  the 
fact  that  it  was  the  shape  of  this  progressive  flood  wave  that  he 
was  after,  and  that  this  really  fixes  the  proper  size  of  the  storm 
sewer.  It  may  be  a  long,  flat  wave,  which  calls  for  a  comparatively 
small  sewer,  or  it  may  be  a  short,  high-crested  wave,  which  calls 
for  a  much  larger  sewer. 

By  what  process  of  reasoning  can  one  arrive  at  the  conclusion 
that  the  rainfall  is  a  direct  function  of  this  flood  wave?  The  only 
direct  functions  are  the  physical  features  of  the  tributary  water- 
shed. The  most  that  can  be  madeout  of  the  rainfall  is  a  secondary 
function,  and,  at  all  events,  it  cannot  be  placed  in  the  same  category 
with  the  direct  physical  functions  peculiar  to  the  water-shed,  which 
alone  influence  the  shape  of  the  progressive  flood  wave.  Hawksley 
wisely  concluded  that,  at  all  events,  rainfall  is  not  a  direct  control- 
ling factor  in  the  problem,  and  therefore  purposely  omitted  it  from 
his  formula.  It  seems  to  the  writer  that  this  was  a  logical  conclu- 
sion. 

What  engineers  wish  to  ascertain  is  the  actual  stoi'm-sewer  flow, 
and  this  can  only  be  found  by  actual  gaugings.  This  is  far  prefer- 
able to  measuring  the  rainfall  at  detached  points  of  observation 
and  then  theorizing  about,  and  calculating  in  the  office,  the  storm- 
sewer  flow  from  a  computed  average  rainfall  over  the  entire  water- 
shed, which,  at  best,  is  the  wildest  kind  of  a  guess.  The  thing  to 
observe  directly,  in  any  case,  is  the  storm-sewer  flow,  irrespective 
of  whence  or  how  it  really  originated. 

Of  course,  rainfall,  as  a  secondary  function,  has  a  general  bear- 
ing on  the  problem,  as  instanced  by  the  Brooklyn  case,  where  it 
became  necessary  to  modify  the  old  formula.  In  considering  this 
case,  it  is  found  that  the  average  annual  rainfall  at  London  is 
only  26  in.,  well  distributed,  and  with  maxima  of  1.8  to  2  in.  per 
hour;  whereas,  at  Brooklyn,  the  average  annual  rainfall  is  43.3  in., 
and  with  maxima  of  probably  3  in.  per  hour,  so  that  the  Hawksley 
formula  had  to  be  modified — but,  in  any  event,  the  begt  way  to  find 
out  definitely  how  much  to  modify  it,  would  have  been  to  gauge 
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Mr.  Le  Conte.  the  actual  storm  flow  in  existing  sewers  after  heavy  rainfalls  and 
note  the  height  and  shape  of  the  flood  wave  passing  the  gauging 
station.  This  is  the  only  rational  conclusion.  In  this  way,  reliable 
factors,  which  could  be  depended  upon  in  that  particular  neighbor- 
hood, could  have  been  obtained.  In  applying  these  results  to  an- 
other city,  having  markedly  different  physical  conditions,  a  high 
order  of  intelligence  and  judgment  would  be  required. 
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Charles  S.  Gowen^  M.  Am.  Soc.  C.  E. — Mr.  Wegmann's  paper  Mr.  Gowen. 

is  comprehensive,  in  so  far  as  it  relates  to  the  history  of  the  de- 
sign of  the  New  Croton  Dam,  and  to  the  account  of  the  mathemati- 
cal work  involved,  and  is  of  value  as  showing  in  detail  the  methods 
used  in  the  calculations  of  the  theoretical  profile  of  the  dam  sec- 
tion, and  in  its  references  to  certain  practical  questions  involved 
in  the  design  of  such  a  structure. 

In  a  sense  it  completes  the  records  in  the  Transactions  of  this 
Society  as  to  the  planning  and  construction  of  an  unprecedented 
and  notable  engineering  work. 

The  literature  referring  to  this  design,  however,  is  not  lacking, 
but  is  embodied  in  the  various  reports  of  the  Aqueduct  Commis- 
sioners, which  have  been  referred  to  and  quoted  by  the  author. 
These  reports  deal  very  fully  with  all  the  points  involved  in  con- 
nection with  the  design  of  the  Quaker  Bridge  Dam  profile  as 
finally  adopted  by  the  Aqueduct  Commissioners'  engineers,  as  well 
as  with  the  profile  recommended  by  the  special  board  appointed  to 
consider  the  question.  However,  as  these  reports  are  not  generally 
available  to  the  profession  and  the  public,  Mr.  Wegmann's  paper 
may  be  considered  as  especially  valuable,  both  as  a  matter  of  record 
and  as  a  matter  of  information. 

*  This  discussion  (of  the  paper  by  Edward  Wegmann,  M.  Am.  Soc.  C.  E., printed  in 
Proceedings  for  January.  1907),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  for  further  discussion. 
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Mr.  Gov^en.  The  design  finally  adopted  by  Mr.  Fteley  for  the  New  Croton 
Dam  section  was,  as  stated  by  the  author,  the  Quaker  Bridge  sec- 
tion slightly  modified.  The  results  derived  from  the  study  which 
resulted  in  the  Quaker  Bridge  profile  were  considered  final  and 
conclusive,  as  might  be  expected,  the  change  of  location  involving 
no  questions  of  theory  and  consequent  additional  research.  The 
speaker  was  somewhat  familiar  with  this  question  at  the  time  the 
contract  drawings  were  being  made,  and  I'ccalls  that  the  calcula- 
tions of  pressures  were  examined  in  view  of  the  possible  changes  in 
the  weight  of  masonry  that  might  be  used  in  the  dam  construction. 

As  to  the  author's  criticisms  of  the  profile  adopted,  the  speaker,  in 
reviewing  them,  is  disposed  to  take  exception  to  them  as  follows : 

First. — As  to  the  statement  that  in  the  Quaker  Bridge  profile 
the  maximum  pressures  at  a  depth  of  110  ft.  were  assumed  to  be 
10  400  lb.  per  sq.  ft.  and  20  625  lb.  per  sq.  ft.  for  the  down-stream 
and  up-stream  faces,  respectively.  In  Table  2,  for  the  theoretical  pro- 
file, as  quoted  by  the  author,  the  calculated  pressures  are  16  391 
and  17  453  lb.  per  sq.  ft.  for  the  down-stream  and  up-stream  faces, 
respectively,  while  in  Table  3  the  calculated  pressures  in  the 
adopted  profile  are  correspondingly  16  217  and  17  544  lb.  per  sq.  ft. 

Tables  2  and  3  show,  as  the  author  states,  greater  pressures  on 
the  up-stream  than  on  the  down-stream  face  for  a  depth  which 
ranges  from  110  to  231  ft.  in  Table  2,  but  it  will  be  noted  that  the 
pressures  at  a  depth  of  110  ft.  at  the  two  faces  do  not  vary  very 
materially,  although  the  pressure  on  the  i;p-stream  side  is  somewhat 
greater.  It  seems  to  the  speaker  that  it  is  to  be  assumed  that  the 
ultimate  up-stream  face  pressures  should  be  limited  in  the  same  way 
as  those  on  the  down-stream  face;  hence  the  30  000-lb.  per  sq.  ft. 
limit,  as  shown  in  Table  2.  This  limit  is  somewhat  increased  in 
Table  3  owing  probably  to  cutting  off  the  down-stream  toe,  which, 
as  the  author  observes,  has  increased  the  calculated  pressures  at 
that  point.  The  increase  in  the  toe  limits,  as  shown  by  Table  3, 
is  not  significant,  in  view  of  the  generally  admitted  proposition 
that  the  toe  pressures  at  the  base  of  such  a  profile  are  less  by  a 
considerable  amoiant  than  those  calculated.  It  is  well  known  that 
such  an  actual  condition  results  in  errors  on  the  side  of  safety 
when  profiles  are  calculated  on  theoretical  lines,  and,  through  this 
condition,  the  cutting  ofl^  of  the  down-stream  toe,  as  shown  in  the 
profile,  and  to  which  the  author  objects,  would  seem  to  be  justified, 
even  if  the  practical  consideration  that  masonry  at  the  extreme  end 
of  such  a  toe  would  not  have  mass  or  strength  sufficient  to  be 
effective,  be  ignored.  This  contention,  that  the  toe  should  have 
remained,  seems  to  be  based  on  the  assumption  that  the  line  of 
pressure  at  the  down-stream  face  is  parallel  to  the  face  of  the  dam, 
and  Mr.  Wegmann  states  that  experiments  lately  conducted  tend 
to  prove  this. 
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That  such  a  condition  has  for  a  long  time  been  assumed  is  Mr.  Goweu. 
evident,  as  certain  high  masonry  dams  in  Europe  and  America, 
built  since  the  determination  of  the  New  Croton  JDam  section,  were 
planned  to  have  selected  stones  approximately  rectangular  laid  on 
inclined  beds  which  approach  the  normal  to  the  profile  inclina- 
tion near  the  toe.  While,  in  the  speaker's  opinion,  it  is  a  question 
as  to  whether  the  extra  expense  involved  in  such  construction 
warrants  the  results  obtained,  there  is  certainly  no  disposition  on 


Eiev.  21:/ 


Ficx.  10. 


his  part  to  criticise  the  possible  effectiveness  of  such  an  arrange- 
ment of  the  masonry.  But  that  such  arrangement  warrants  or 
necessitates  the  carrying  of  the  toe  to  the  rock  bottom,  in  ac- 
cordance with  the  theoretical  lines,  does  not  appear,  and  certainly 
the  toe  thus  carried  out  in  its  outline  could  only  be  effective  if 
sufficient  excavation  were  made  in  the  foundation  rock  to  afford 
an  adequately  extended  skewback.  such  as  is  always  provided  in 
arch  construction.  Fig.  10  may  ilKistrate  the  speaker's  point  more 
clearlv  than  the  text. 
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Mr.  Gowec-  In  the  case  of  the  New  Croton  Dam,  A  A  A  A  shows  the  cur- 
tailed toe  and  the  lines  of  the  rock  foundation  below,  certainly  it 
would  seem  that,  if  the  toe  were  left  in,  to  accord  with  the  author's 
idea,  a  special  excavation  in  the  rock  bottom  approximating  the 
lines,  A  B  B  B,  would  have  to  be  made,  in  order  to  render  the 
small  retained  triangle  of  masonry  effective.  It  does  not  seem  to 
the  speaker  that  such  work  is  called  for,  particularly  when  it  is 
shown  that  toe  pressures  with  the  toe  abbreviated  cannot  be  ex- 
cessive and  are,  as  is  generally  admitted,  less  than  the  calculations 
shown. 

Second. — As  to  the  author's  contention  that  there  was  an  arbi- 
trary assumption  of  toe  pressures  at  a  depth  of  110  ft.  and  that  it 
was  illogical  in  view  of  this  and  of  the  gradual  increase  of  pres- 
sures below  the  110  ft.  depth,  not  to  have  designed  the  upper  part 
of  the  profile  solely  with  a  view  of  confining  the  pressure  lines 
jnst  within  the  middle  third  of  the  section,  and  then  to  have  al- 
lowed a  gradual  increase  of  pressures  until  a  maximum  limit 
.should  have  been  reached  and  the  profile  continued  below  with  this 
maximum  limit  not  exceeded,  it  would  seem  to  the  speaker  that 
these  conditions,  practically,  were  all  kept  in  mind  in  the  design 
of  the  theoretical  profile,  as  the  following  points  had  to  be  kept  in 
view  from  the  beginning: 

(a)  The  top  of  the  dam  had  to  be  of  a  certain  thickness,  say 
20  ft.,  to  afford  a  roadway. 

(6)  The  top  of  the  dam  had  to  be  built  at  a  certain  height 
above  high-water  mark. 

(c)  It  was  essential  that  lines  defining  slopes  and  batters  of 
the  profile  should  show  easy  and  gradual  changes  from  the  verti- 
cal, in  order  that  the  gradually  cumulative  pressures  resulting  from 
the  elevation  of  the  water  behind  the  dam  might  be  properly  trans- 
mitted to  the  base  without  undue  strain  at  any  particular  point. 
This  point  was  dwelt  upon  particularly  in  Mr.  Fteley's  report  on 
the  Quaker  Bridge  profile,  and  it  is  this  that  accounts  for  the 
up-stream  pressures  between  the  depths  110  and  258,  in  Table  3, 
which  are  criticized  by  the  author  as  being  higher  than  on  the 
corresponding  lines  on  the  down-stream  face.  It  is  this  considera- 
tion, also,  taken  in  connection  with  the  surplus  of  section  and 
weight  due  to  the  necessary  height  of  the  dam  and  the  planned 
roadway,  which  results  in  the  somewhat  narrow  limit  between  the 
pressure  lines  in  the  middle  third  at  a  depth  of  110  ft.,  and  the 
resulting  pressures  at  the  joint  ends,  of  about  17  000  lb.  per  sq.  ft., 
which,  while  they  may  be  less  than  theoretically  allowable,  are  not 
inconsistent  as  between  the  up-stream  and  down-stream  faces, 
while  they  are  certainly  moderate.  Different  assumptions  in  cal- 
culating the  theoretical  profile,  made  in  accordance  with  the  author's 
exT^ressed  ideas,  would  have  resulted  in  sharper  angles  in  definition 
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of   the   up-stream    batter    below   the    110-ft.    depth,    and    the    same  Mr.  Gowen. 
would  have  been  the  case  with  the  outline  of  the  down-stream  face, 
which  would  have  shown  too  marked  an  angle  between  the  upper 
and  lower  sections. 

In  fact,  in  the  speaker's  opinion,  the  contention  that  the  profile 
is  consistent  can  be  easily  sustained  by  an  inspection  of  the  calcu- 
lated factors  of  safety  against  overturning,  due  to  the  profile  as 
adopted  in  Table  3. 

These  are  as  given  in  Table  4. 

TABLE  4. 


Depth  of 

Factor  of 

Depth  of 

Factor  of 

Depth  of 

Factor  of 

water,  in  feet. 

safety. 

water,  in  feet. 

safety. 

water,  in  feet. 

safety. 

66 

2.07 

132 

2.38 

198 

2.99 

77 

2.09 

14a 

2.49 

209 

3.10 

88 

2.10 

154 

2.60 

2>0 

3.32 

99 

2.12 

165 

2.69 

231 

3.29 

110 

2.15 

176 

2.79 

243 

3.33 

121 

2.27 

187 

2.88 

258 

3.29 

As  Mr.  Wegmann's  contentions  are  based  upon  certain  assump- 
tions regarding  pressures  and  the  resulting  consequences,  and  not 
upon  methods  of  derivation  and  calculation,  it  would  seem  that 
Table  4  shows  that  such  assumptions  as  were  made  gave  consistent 
and  logical  results. 

Third. — Mr.  Wegmann  states  that  it  would  have  been  better  if 
the  contract  drawings  had  shown  a  compound  curve  to  define  the 
upper  part  of  the  down-stream  face  instead  of  the  right  lines 
used,  which  were  later  modified  in  construction  by  curves  joined 
with  short  tangents.  In  reply  to  this,  it  may  be  said  that  the  con- 
tract drawings  showed  definitely  and  properly  the  section  planned, 
and  the  curves  substituted  later  were  simply  to  smooth  the  general 
effect  of  the  face,  and  the  tangents  joining  these  curves  are  not 
discernible. 

Fourth. — As  to  the  author's  statement  that  a  profile  could  easily 
have  been  designed  with  the  up-stream  face  vertical,  and  that  this 
face  could  have  been  continvied  to  a  depth  of  200  ft.  before  reach- 
ing a  pressure  of  30  000  lb.  per  sq.  ft.,  and  that  such  a  face  would 
have  been  preferable  on  account  of  simplicity  of  construction,  it 
must  not  be  forgotten  that  in  the  building  of  the  dam  there  was 
a  depth  of  nearly  300  ft.  to  be  provided  for,  and  that  the  necessary 
batter  below  200  ft.  to  provide  for  the  increase  of  section  required 
would  be  too  great,  for  the  reasons  given  above. 

Finally,  as  to  the  contention  that  the  dam  should  have  been 
built  at  Quaker  Bridge,  it  may  be  said  that  this  site  was  carefully 
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Mr.  Gowen.  investigated  and  finally  rejected,  as  it  was  deemed  that  the  abutting 
hillside  at  the  north  end  was  not  adequate  to  stand  the  pressures 
and  probable  leakage  that  woiild  obtain.  The  Cornell  site  was  not 
ideal,  nor  desirable,  and  was  not  recommended  by  Mr.  Fteley  as 
Chief  Engineer  of  the  Aqueduct  Commission,  when  its  construction 
was  decided  upon.  The  dam,  however,  has  been  built  and  is  serv- 
ing its  purpose,  and  it  would  be  a  difficult  matter  to  prove  that 
the  site  on  the  whole  is  inferior  to  the  original  Quaker  Bridge 
location. 

In  presenting  his  paper,  Mr.  Wegmann  referred  to  the  extended 
and  prolonged  foundation  work  at  the  Xew  Croton  Dam  site  as 
one  of  the  reasons  why  the  Quaker  Bridge  site  would  have  been 
preferable.  This  reference  is  misleading,  and  for  the  following 
reasons :  < 

The  foundation  conditions,  as  developed  according  to  the 
original  plans,  proved  to  be  as  anticipated  when  the  work  was 
begun,  and  were  dealt  with  adequately.  The  drastic  change  by 
which  the  masonry  section  was  extended  into  the  side  hill,  in- 
volved a  vei-y  large  increase  in  foundation  Avork  and  expense,  which 
was  not  anticipated  by  the  people  who  advocated  and  insisted 
upon  the  change.  The  speaker  feels  free  to  say  that  this  change 
v.'as  unnecessary  and  resulted  only  in  loss  of  time  and  in  undue 
expense,  and  he  certainly  cannot  concede  that  the  conditions  thus 
developed  are  of  any  weight  in  support  of  the  original  Quaker 
Bridge  site. 
Mr.  Diliman.  George  L.   Dillmax.    M.   Am.     Soc.     C.    E.     (by    letter). — The 

writer  would  call  attention  to  the  fallacy  in  argument  by  all 
masonry  dam  analysts  who  have  developed  or  adopted  i;niform 
section  types.  Their  argmnent  (expressed  or  implied)  is  that 
because  a  unifoi-m  construction  of  a  safe  profile  insures  stability, 
imiformity  is  necessary  to  stability.  This  is  not  only  uot  so,  ])ut 
the  type  suggested  by  the  writer  some  years  ago  of  a  buttressed 
wall  is  more  stable  than  any  uniform  section  type,  and  incident- 
ally contains  considerably  less  masonry. 

The  Croton  Dam  is  a  great  structure.  The  writer  has  no  doubt 
of  its  stability;  but  a  finer  structure,  architecturally,  and  a  safer 
structure,  against  ordinary  failure  or  earthquake  effects,  could  have 
been  built  at  materially  less  cost  as  a  buttressed  wall. 

It  is  time  the  engineering  profession  cast  off  the  fetters  of 
antiquity  and  ceased  to  be  bound  by  tradition.  De  Sazilly  took  a 
great  step  in  advance.  Rankine  did  great  work  in  his  various 
analyses.  Engineers  can  study  their  work  with  profit,  yet  need 
not  unquestioningly  follow  them.  Analysts  since  their  time  have 
only  refined  their  methods,  whether  with  improvement  being  a  mat- 
ter of  opinion. 
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Another  thing :  Masonry  is  more  or  less  permeable.  In  the  Mr.  Diiiman. 
mathematics  of  Mr.  "Wegmann's  analysis  it  is  presumed  that  the 
upper  face  is  tight.  Suppose  it  is  not.  For  the  sake  of  safety, 
presume  the  tight  surface  to  be  one-half  or  three-quarters  of  the 
distance  to  the  down-stream  face.  Where  does  all  this  analysis 
lead?  It  proves  the  dam  to  be  absolutely  unsafe.  In  one  case 
the  line  of  pressure  (reservoir  full)  falls  outside  the  middle  third. 
In  the  other  case  the  factor  against  overturning  is  less  than  one. 
The  attempt  to  make  a  dam  tight  from  face  to  face  is  a  mistake. 
If  the  upper  face  is  tight  it  will  do  no  harm.  But  if  the  upper  face 
is  not  tight  and  water  is  stopped  at  some  other  place,  tightness 
at  the  second  place  is  an  element  of  weakness,  and  may  be  fatal. 

The  foregoing  hypothesis  is  perfectly  possible.  The  masonry 
may  be  permeable  to  some  point  belovi^  the  up-stream  face;  it  may  be 
permeable  to  near  the  down-stream  face.  In  the  former  case,  the 
dam  is  less  safe  than  the  analysis  shows.  In  the  latter,  a  rational 
analysis  would  prove  the  dam  absolutely  unsafe. 

Such  a  result  could  not  obtain  with  the  buttressed-wall  type. 
In  case  of  permeability,  the  factor  of  safety  against  overturning 
would  be  reduced,  but  never  to  less  than  1,  and  the  line  of  pressure 
would  not  be  outside  the  middle, third  (reservoir  full). 

Luther  Wagoxer,  M.  Am.  Soc.  C.  E.  (by  letter). — The  histori- Mr.  Wagouer. 
cal  part  of  this  excellent  paper,  such  as  changes  of  plan,  boards 
of  experts,  with  attendant  delays,  reminds  one  of  the  struggle  with 
the  water  problem  in  San  Francisco  during  the  past  30  years. 
The  Croton  Dam  (a  municipally  owned  and  managed  one)  was 
discussed  for  about  10  years,  and  was  constructed  in  the  next  14 
years;  tiius  in  24  years,  with  ample  engineering  talent  and  plenty 
of  money,  Xew  York  has  a  completed  dam;  while  San  Francisco 
has  advanced  no  further  than  the  preliminary  or  talking  stage, 
and  the  present  average  mental  condition  is  that  a  new  water 
supply  is  needed,  but  public  opinion  is  still  unformed  as  to  how, 
when  and  where,  it  is  to  be  obtained. 

Persons  interested  in  municipal  ownership,  pro  and  con,  can 
read  Mr.  Wegmann's  paper  with  profit. 

The  writer  has  read  with  much  interest  the  reasons  given  for 
building  a  straight  dam  instead  of  a  curved  dam,  as  advised  by 
the  Board  of  Experts  in  1888.  One  of  the  reasons  given — that 
curvature  might  set  up  dangerous  strains — deserves  a  passing 
notice,  and,  in  the  writer's  opinion,  this  is  due  to  the  author's  ap- 
plication of  the  hoop  tension  formula  to  the  case  of  curved  dams. 
In    this    formula, 

T  =  pr 

Where  T  =  the  uniform  thrust  in  a  circular  ring, 

p=the  pressure  per  imit  of  length  of  the  ring, 
?-  =  the  radius  of  the  ring's  outer  surface. 
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Mr.  Wagoner.  While  this  formula  is  true  as  regards  an  external  force  sueh 
as  would  collapse  a  tube,  it  certainly  does  not  apply  correctly  to 
dams,  either  curved  or  straight,  for  in  the  latter  case,  r,  the  radius, 
is  infinite,  hence  the  thrust,  T,  is  infinite.  But,  as  straight  dams 
exist,  and  as  it  is  also  certain  that  they  are  not  acted  upon  by 
infinitely  great  forces,  it  should  be  clear  that  the  formula  in  ques- 
tion does  not  apply  correctly.  To  hold  that  it  does  apply  to  curved 
dams,  suggests  the  old  problem  of  an  irresistible  force  meeting  an 
immovable  body. 

Another  objection  is  urged  against  curvature,  that  it  increases 
the  quantity  of  masonry  without  any  beneficial  result.  On 
page  30*  the  author  states  that  with  approximate  dimensions  of 
radius  1  200  ft.  and  a  crest  length  of  1  350  ft.,  there  would  have 
been  an  increase  of  volume  of  masonry  of  about  10  per  cent.  This 
corresponds  to  a  central  angle  of  about  65  degrees.  Within  the 
limits  of  any  useful  curvature  for  curved  dams,  the  excess  of 
length  of  arc  over  chord  varies  as  the  square  of  the  arc,  or  the 
percentage  of  excess  of  the  arc  over  the  chord  =  0.00131^,  in  de- 
grees, which,  for  65°,  is  about  5.5%,  but,  at  the  center  there  is  no 
increase,  and  it  should  be  remembered  that  the  major  portion  of  the 
volume  is  ordinarily  embraced  by  smaller  angles  than  the  crest. 
Taking  the  section  used,  and  combining  it  with  the  profile  in  Mr. 
Gowen's  paper,  it  appears  that  the  foregoing  curvature  would  have 
added  about  2.8%  to  the  volume. 

Within  the  limits  of  useful  curvature,  it  may  be  said  that  the 
increase  in  volume  varies  from  1:^  to  3%,  depending  upon  the 
cross-section  of  the  valley. 

In  collaboration  with  Mr.  Hubert  Vischer,  the  writer  studied 
the  Bear  Valley  Dam,  and  the  results  were  published  under  the 
title  "On  the  Strains  in  Curved  Masonry  Dams."! 

In  this  paper  some  notice  is  taken  of  the  author's  hoop  com- 
pression theory  previously  mentioned.  As  to  the  further  reason 
given  for  avoiding  curvature — on  account  of  the  difficulty  or 
rather  impossibility  of  computing  the  stresses — the  writer  believes 
that  in  the  paper  on  the  Bear  Valley  Dam  by  Mr.  Vischer  and  him- 
self, methods  of  computation  of  such  stresses  have  been  set  forth 
with  sufficient  clearness  to  give  an  approximate  solution  of  such  ques- 
tions as  may  arise  in  practice.  In  that  paper  it  has  been  shown,  for 
the  Bear  Valley  Dam,  that  the  moment  at  the  lower  toe  is  reduced 
about  20%,  this  relief  being  due  to  arch  action,  while  the  increase 
in  the  volume  of  masonry  is  not  much  in  excess  of  1  per  cent. 

Elsewhere  in  that  paper  it  is  shown  that  much  greater  economies 
would  have  resulted  from  a  better  selection  of  radius  and  profile. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  Jauuary,  1907. 

+  Proceed ingfi.  Technical  Society  of  the  Pacific  Coast,  December.  1889. 
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On  page  24*  of  Mr.  Wegmann's  paper  it  is  stated  that  the  Bear  Mr.  Wagoner. 
Valley  Dam,  built  in  1884  has  been  replaced  by  a  stronger  one; 
this  is  an  error,  as  the  original  dam  is  still  in  use.  Some  slight 
work  has  been  done  about  50  ft.  down  the  stream  for  the  founda- 
tions of  a  new  dam,  but  it  in  no  manner  relates  to  the  original 
work,  which  is  apparently  in  good  condition  to-day,  after  23  years 
of  use. 

As  a  matter  of  interest,  Fig.  11  is  introduced,  the  left-hand 
part  being  Mr.  Wegmann's  Practical  Profile  Type  No.  2  to  a 
depth  of  80  ft.,  and  the  right-hand  shaded  figure  being  the  profile 


rpp  S  9  Water  Line 


CO?i/^P/iRATIVE   PROFILES  OF  MR.  WEGMANN  S  TYPE   NO.  2. 
AND  THE   BEAR  VALLEY   DAM. 


Fig.  11. 


of  the  Bear  Valley  Dam.  The  writer  does  not  off'er  it  as  an  example 
of  good  practice,  but  only  as  confirmatory  of  his  final  remarks 
about  the  necessity  for  a  revision  of  current  ideas  about  permissi- 
ble  unit  stresses. 

Arch  action  is  always  worth  much  more  than  its  cost  in  volume 
of  masonry,  for  by  its  use  the  strain  upon  the  lower  toe  can  be 
relieved,  and  this  in  turn  is  sufficient  warrant  for  some  reduction 
in  the  cross-section  of  the  dam. 

Aside  from  aesthetic  considerations,  it  also  provides  for  auto- 
matic relief  from  stresses  due  to  temperature  changes,  and 
renders  a  dam  safe  against  ice  thrust  and  wave  action,  and  prob- 
ably all  but  the  most  severe  earthquakes. 

*  Proceedings,  Am.  Soc.  C.  E..  for  January,  19OT. 


372  DISCUSSION  :  design   of  the  new   CROTON   dam     [Papers. 

Mr.  Wagoner.  As  an  illustration,  take  the  case  of  the  Austin  Dam.  Had 
this  dam  (a  long',  low  one)  been  arched,  perhaps  to  a  central  angle 
of  not  more  than  30°,  involving  about  1%  increase  in  the  volume 
of  masonry,  there  can  be  no  reasonable  doiibt  that,  even  had  it 
cracked  under  the  sudden  load  due  to  the  flood,  its  parts  could  not 
have  been  overturned,  or  pushed  bodily  by  sliding  down  stream,  as 
occurred. 

The  writer,  being  a  known  advocate  of  curvature  for  masonry 
dams,  has  been  criticised  for  the  use  of  both  a  gravity  section  and 
curvature  in  his  design  for  the  La  Grange  Dam,  but,  in  that  case, 
the  conditions  were  different.  The  water-shed  above  the  dam  is 
1  500  sq.  miles,  and  the  high-water  mark  of  the  flood  of  1862  was 
found  near  the  dam  site,  and  at  several  points  above  it,  from  which 
it  was  computed  that  130  000  cu.  ft.  per  sec.  might  have  to  pass 
over  the  crest,  and  fall  110  ft.  Such  a  flood  would  make  about  19 
ft.  of  water  over  the  crest.  The  plans  wei*e  competitive,  and  it 
was  known  that  the  consulting  engineers  did  not  regard  favorably 
any  reduction  from  a  gravity  section.  The  owners  desired  security 
against  any  accident,  and  it  appeared  that  the  possible  loss  due 
to  a-  failure  of  the  dam  might  be  a  thousand  fold  more  than  the 
cost  of  extra  volume  due  to  curvature.  Any  one  of  the  above 
reasons  are  deemed  sufficient  answer  for  the  choice. 

The  methods  of  computation  set  forth  by  Mr.  Wegmann  will 
be  of  convenience  to  the  profession,  as  far  as  methods  of  procedure 
go,  but  it  has  long  been  in  the  mind  of  the  writer  that  too  much 
weight  is  attached  to  precedent  as  to  permissible  loads. 

Reading  Mr.  Gowen's  paper,  which  carefully  sets  forth  in  de- 
tail the  methods  used  in  setting  the  stone  in  the  New  Croton 
Dam,  it  would  appear  to  be  entirely  possible  that  there  is  a  factor 
of  safety  of  from  10  to  15  for  any  possible  load. 

How  long  shall  engineers  continue  to  worship  the  ''Sacred 
Cow,"  or  permissible  loading  of  about  200  lb.  per  sq.  in.  for  good 
solid    masonry? 

In  structures  of  concrete,  twice  this  value  is  recognized  as  good 
practice.  For  the  nearly  constant  and  quiescent  load  upon  a  dam, 
is  there  any  good  reason  why  a  lower  factor  of  safety  could  not  be 
used? 

This  is  a  very  important  subject  for  those  who  plan  dams,  be- 
cause in  many  cases  it  is  the  extra  height  gained  that  determines 
the  storage  capacity.  Many  new  engineering  projects  might  be- 
come possibilities  if  higher  unit  loading  was  allowed.  Finally, 
does  not  the  whole  subject  of  permissible  loads  upon  first-class 
masonry   require    revision  ? 
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George  L.  Dillman..  M.  Am.  Soc.  C.  E.   (by  letter). — Many  of  Mr.  DiUman. 
the    objections    by    Mr.    Dennis    to    modern    railroarl    grading    con- 
tracts are  well  taken. 

Regarding  classification,  the  writer  has  worked  under  specifi- 
cations with  from  two  to  eleven  classifications.  It  is  his  opinion 
that  three  classes  are  better  than  two,  or  four,  or  more.  As  to 
the  defining  clauses,  it  is  hardly  material  to  the  contractor  what 
they  are,  if  he  knows  what  they  are  when  making  his  prices.  It 
it  much  more  important  to  know  who  will  make  the  rulings. 

The  following  definitions  are  suggested  as  being  in  line  with 
recent  practice : 

"Solid  Rock"  shall  include  all  rock,  in  ledges  or  masses  of 
more  than  1  cu.  yd.,  which  requires  blasting. 

"Loose  Rock"  shall  include  all  detached  masses  of  rock  measur- 
ing more  than  1  cu.  ft.  and  less  than  1  cu.  yd.;  also,  all  shale,  slate, 
soft  sandstone  and  hardpan  which  can  lie  removed  with  bar  and 
pick,  though  blasting  may  be  resorted  to. 

*  This  discussion  (of  the  paper  by  W.  F.  Dennis,  M.  Am.  Soc.  C.  E.,  printed  in  Pj-o- 
ceedings  for  January,  1907),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 


374  DISCUSSION    ON    GRADUATION    OF    RAILROADS  [Papers. 

Mr.  Biii-nian.  "Earth"  shall  include  all  material  not  classed  above  as  solid  or 
loose  rock. 

The  plow  test  never  appealed  to  the  writer  as  a  proper  test  at 
all.  He  has  seen  ten  mules  stretched  out  and  pretending  to  pull 
hard,  but  not  pulling  a  pound.  He  has  seen  solid  rock  in  ledges 
torn  loose  with  a  plow,  not  exactly  plowed,  but  loosened  cheaply 
in  that  way.  The  ordinary  engineer  is  not  a  mule  expert,  to  know 
whether  or  not  the  animals  are  pulling. 

With  foundation  excavation,  no  specification  applies  to  two 
connective  cases.  Such  work  is  usually  taken  out,  or  at  least 
trimmed  up,  under  the  direction  of  an  inspector  working  under 
orders;  and  cost  plus  a  percentage  is  the  only  way  to  eliminate 
hazard  to  the  contractor  or  excessive  cost  to  the  company.  At  the 
letting  of  a  contract,  seldom  have  the  investigations  proceeded  to 
such  a  point  that  a  price  per  unit,  or  any  other  way,  would  repre- 
sent cost  plus  a  fair  profit. 

The  author  is  certainly  right  in  cutting  out  the  useless  refine- 
ment of  the  prismoidal  formula.  If  a  contractor  gets  his  banks 
full  and  his  cuts  of  full  width,  he  has  done  many  times  as  much 
work  outside  of  the  computed  prisms  as  he  is  paid  for  by  the 
error  of  end-area  computations. 

Overhaul,  with  a  specified  free  haul,  was  originally  an  attempt 
to  even  up  the  cost  of  grading,  the  haul  being  unequal.  Beyond  a 
300-ft.  free  haul,  the  writer  is  of  the  opinion  that  it  does  not  serve 
its  purpose,  and,  when  the  free  haul  is  extended  to  800  or  1  000  ft., 
it  is  absolutely  pernicious.  On  the  other  hand,  there  seems  to  be 
no  reason  for  paying  the  same  for  train  haul  in  steam-shovel  work 
as  for  team  or  light-car  haul.  If  the  method  of  working  is  under- 
stood in  a  general  way,  it  will  be  fair  to  pay  for  team  haul  per 
100  ft.  and  train  haul  per  mile,  per  cubic  yard. 

There  is  certainly  no  justice  in  making  a  contractor  pay  for 
work  by  forcing  the  haul  clause  to  save  right  of  way.  Each  case 
should  be  considered  by  itself,  and  the  rule  should  be  applied  so 
that  the  total  economy  should  be  greatest ;  i.  e.,  the  cost  of  the 
adjacent  right  of  way  plus  cost  of  short  haul  should  be  placed 
against  the  cost  of  distant  right  of  way  plus  long  haul.  The  fact 
that  the  company  paid  one  item  and  the  contractor  had  to  pay  for 
the  other  should  not  affect  the  decision  of  the  engineer. 

The  writer  sees  no  objection  to  the  claiase  regarding  sub-con- 
tractors. It  is  used  in  order  to  have  only  one  party  with  whom  to 
deal  in  a  legal  sense,  so  that,  in  case  of  differences,  there  will  be 
fewer  parties  to  the  controversy.  In  operation,  it  is  never  abused. 
Building  contracts  are  not  similar.  The  various  lien  laws  require 
certain  published  statements,  sometimes  the  contracts  in  full,  which 
would  be  inexpedient  in  railroad  contracts,  and  more  obnoxious  to 
the  contractor  than  the  company. 
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The   writer    does    not    agree    that    the    engineer   has    too    much  Mr.  Diiiman. 
authority.     It  is  true  that  in  a  few  cases  such  authority  has  been 
abused,  for  human  nature  varies;  but,  put  the  authority  with  the 
contractor  and  see  where  railroad  contracts  would  end. 

The  object  of  a  contract  is  to  get  work  done.  For  its  execu- 
tion, the  contractor  is  one  tool,  the  engineer  another.  Authority 
must  be  given  to  one  or  both  of  them.  A  divided  authority  is 
never  efficient.  In  the  interest  of  ideal  fairness,  this  authority 
might  be  divided,  but  in  the  direction  of  attaining  the  desired  end, 
full  authority  should  be  left  just  where  it  is.  Eesponsibility  is 
ftxed  by  it,  and  could  be  in  no  other  way. 

The  author  has  left  out  the  matter  of  shrinkage.  Of  course, 
some  material  will  shrink  in  banks,  and  this  fact  should  be 
reckoned  with  in  grading.  The  question  is,  who  should  pay  for  it? 
A  clause  by  which  the  contractor  agrees  to  put  on  shrinkage  up  to 
10%,  if  required  by  the  engineer,  makes  a  straight  difference  of 
10%  to  the  contractor,  depending  on  whether  the  engineer  does  or 
does  not  order  it.  This  10%,  gross,  may  mean  doubling  his  profits, 
or  making  a  losing  contract,  as  the  case  may  be. 

Where  practicable,  quantities  paid  for  should  be  measured  in 
excavation.  Where  it  is  not  practicable  to  measure  them  in  this 
way,  and  the  payments  are  made  on  bank  measurements,  the  writer 
suggests  that  extra  material,  put  on  for  anticipated  shrinkage,  be 
paid  for  at  the  same  price  as  other  yardage. 

A  contractor  objects  when  shrinkage  is  first  demanded,  objects 
when  it  is  enforced,  and  may  get  so  used  to  it  that  he  quits  ob- 
jecting; but  he  never  gets  over  the  fact  that  the  requirement 
is  unfair,  as,  in  fact,  it  is.  Like  an  abnormal  free  haul,  it  is  an 
attempt  on  the  part  of  the  company  to  get  something  for  nothing, 
which,  in  time,  reacts. 

The  writer,  however,  fully  agrees  that  uniformity  in  grading 
specifications  is  desirable,  and,  while  not  agreeing  with  some  of 
the  details  suggested,  admits  that  uniformity,  with  some  bad  de- 
tails,  is  better  than  the  present  lack  of  it. 

J.  L.   Campbell,  M.  Am.   Soc.   C.  E.    (by  letter).— The  writer  M""- Ca^pbeiL 
believes  that  the  prevailing  classification  of  earth,  loose  rock,  solid 
rock,  and  overhaul  should  be  eliminated,  and  that  part  of  the  work 
should  be  covered  by  a  single  unit  price  per  cubic  yard. 

If  a  classification  is  to  be  retained,  the  writer  suggests  the  de- 
sirability of  eliminating  the  terms,  "earth,"  "loose  rock,"  and 
"solid  rock,"  and  substituting  therefor  the  designations.  Class  1, 
Class  2,  and  Class  3.  and  making  the  specifications  read  somewhat 
like  this: 

Class  1  shall  include  all  material  which  can  be  broken  and 
loosened  by  a  standard  No.  1  railroad  plow  into  a  condition  in 
which  it  can  be  removed  by  standard   railroad  scrapers,  the  plow 
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Mr.  Campbell,  and  the  scrapers  being  drawn  by  power  sufficient  to  develop  their 
full  capacities. 

Class  2  shall  include  all  material  which  cannot  be  broken  and 
removed  as  specitied  for  Class  1,  but  which  can  be  loosened  and 
removed  by  picks  and  bars,  or  by  a  standard  steam  shovel,  rated  at 
50  tons  or  more,  and  without  the  use  of  explosives. 

Class  3  shall  include  all  material  which  cannot  be  removed 
without  being  broken  and  loosened  by  the  use  of  explosives. 

The  mere  use  of  the  means  specified  for  Classes  2  and  3  will 
not  of  itself  be  evidence  of,  nor  shall  it  necessarily  fix,  the  classi- 
fication of  the  material,  because  the  contractor  will  frequently  find 
it  to  his  advantage  and  will  use  the  means  prescribed  for  the 
higher  class  to  remove  material  of  the  lower  class.  It  must  be 
shown  that  the  means  used  are  actually  necessary  for  the  removal 
of  the  material  in  question,  and,  in  case  of  doubt  or  question  about 
the  class  of  material,  the  company's  engineer  shall  require,  and  the 
contractor,  under  the  direction  of  said  engineer,  shall  make,  such 
conclusive  tests  as  will  determine  the  class  to  which  such  material 
belongs.  Whenever  possible,  such  tests  of  such  material  shall  be 
made  before  the  latter  is  removed. 

The  writer  suggests  this,  not  as  a  perfect  specification,  but 
merely  as  a  change  in  the  right  direction.  The  terms,  '"earth," 
"loose  rock,"  and  ''solid  rock,"  may  be  entirely  misleading  as  a 
specification,  for  each  may,  and  frequently  does,  include  a  great 
variety  of  material  which,  in  the  abstract,  is  neither  earth,  loose 
rock,   nor  solid   rock. 

The   customary   overhaul   clause  should   be   omitted,   either  with 
or  without  a  classification. 
Mr.  Parker.         M.    S.    Parker,   M.    Am.    Soc.    C.    E.    (by   letter).— Mr.    Dennis 
strikes   a  popular  chord   when,   in  the   conclusion   of  his  most  sea- 
sonable paper,  he  says : 

"There  is  no  valid  reason  why  the  agreements  should  not  be 
standardized.  The  consideration  and  preparation  of  a  standard 
form  would  be  a  very  useful  and  important  work  for  this  Society." 

The  writer,  having  had  many  years  of  experience,  both  as  an 
engineer  and  as  a  contractor,  heartily  concurs  in  this  sentiment. 
The  specifications  now  in  use  on  many  of  the  great  railroad  sys- 
tems of  America  are  as  old  as  the  systems  themselves.  They  are 
old  forms,  handed  down  from  generation  to  generation,  with  an 
occasional  new  feature  added.  It  matters  not  that  many  clauses 
may  have  been  ruled  against  by  the  courts,  the  same  clauses  still 
appear,  either  in  the  hope  that  they  may  "stick"  in  some  particular 
case,  with  benefit  to  the  company,  or  from  absolutely  careless  dis- 
regard of  the  rights  of  the  contractor.  The  author  has  made  a 
strong  argument  in  favor  of  standardizing  railroad  grading  specifi- 
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cations,  and  it  seems  to  be  almost  unnecessary  to  add  more  on  Mr.  Parker, 
this  subject.  All  must  admit  the  desirability  of  united  action 
toward  sucli  uniformity.  The  railroads  of  America  are  expending 
more  money  yearly  in  construction  than  all  other  industries  com- 
bined. When  such  men  as  J.  J.  Hill,  F.  Am.  Soc.  C.  E.,  President 
of  the  Great  Xorthern  Railroad,  estimate  that,  under  the  present 
conditions  of  traffic,  there  is  needed  on  the  railways  of  the  country 
an  expenditure  of  $5  500  000  000  within  the  next  five  years,  some 
idea  of  the  enormous  extent  of  the  railroad  contracting  interests 
can  be  obtained. 

Many  of  the  clauses  in  the  specifications  for  grading  on  large 
railroad  systems  are  meaningless,  and  have  no  legitimate  place 
there.  Were  these  clauses  to  be  enforced,  no  reputable  contractor 
would  consider  for  a  moment  the  advisability  of  taking  the  work 
offered.  All  the  specifications  of  the  various  railroad  systems  are 
similar  in  many  respects;  clauses  regarding  the  subletting  of  work; 
the  infallibility  of  the  engineer  in  all  decisions,  whether  right  or 
wrong,  as  clearly  outlined  by  the  author,  and  many  other  dead- 
letter  clauses.  Why  should  not  the  position  of  the  engineer,  as 
judge,  be  defined  in  some  more  rational  manner?  Why  not  sub- 
stitute such  a  clause  as  the  following? 

The  decision  of  the  engineer,  on  any  point  or  matter  touching 
this  agreement,  shall  be  final  and  conclusive  during  the  progress  of 
the  work.  This,  however,  shall  not  deprive  the  contractor  of  any 
of  his  rights  of  redress  in  case  such  decisions  are  palpably  wrong 
in  intent  or  through  ignorance  of  the  facts. 

Engineers,  as  a  rule,  are  inclined  to  be  just  and  fair  in  their 
judgment,  but  they  are  not  infallible.  They  are  subject  to  error, 
as  are  other  mortals. 

The  hete  noir  of  contractors  on  railroad  grading  work,  and  also 
a  source  of  great  annoyance  to  engineers,  is  classification  and 
overhaul.  Engineers  vary  in  opinion  as  to  the  proper  classifica- 
tion of  material  under  the  different  specifications,  and,  to  the  con- 
tractor, overhaul,  as  calculated  by  the  various  methods,  is  an 
indefinite  quantity. 

Clauses  in  specifications  governing  the  classification  of  ma- 
terial cannot  be  expressed  too  carefully.  The  terms,  "earth,"  "loose 
rock,"  and  "solid  rock,"  are  a  source  of  much  juggling  when  one 
indulges  in  recourse  to  the  courts.  The  writer  has  long  held  the 
opinion  that  these  terms,  used  so  generally  in  railroad  specifica- 
tions, should  be  eliminated,  and  "classes  of  material"  substituted, 
the  material  constituting  each  class  being  clearly  defined.  This 
method  has  been  adopted  by  the  United  States  Government  in  its 
grading  specifications,  and  railroads  might  well  follow  the  example, 
and   avoid   all   complicated  technical   misunderstanding  of    words. 
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Mr.  Parker.  The  terms,  "earth,"  "loose  rock,"  and  "solid  rock,"  in  themselves,, 
do  not  express  the  character  of  the  material  to  be  moved,  and  the 
explanations  following  them  in  specifications  do  not  change  the 
fact.  To  designate  as  loose  rock  such  material  as  cemented  gravel, 
hardpan,  soft  sandstone,  soapstone  and  disintegrated  granite 
(which  can  only  be  disintegrated  through  the  process  of  blasting) 
is   absurd. 

Solid  rock,  defined  as  "rock  in  solid  beds  or  masses  which  can 
best  be  removed  by  blasting,"  would  appear  to  cover  the  ground 
intended  by  the  term  "solid  rock."  Such  a  definition,  however,  fol- 
lowed by  a  stipulation  that  it  must  ring  under  the  hammer,  is 
ridiculous.  This  clause,  appended  to  a  "solid  rock"  provision, 
would  place  solid  sandstone  and  certain  other  formations  of  solid 
rock  in  the  "loose  rock"  class,  instead  of  in  the  "solid  rock"  class 
where  they  rightfully  belong.  Disintegrated  granite  boulders,  after 
long  exposure  to  the  weather,  become  so  hard  that  tools  will  barely 
cut  them.  They  will  ring  under  the  hammer,  but  a  little  dynamite 
v^ill  shatter  them  so  that  they  can  be  handled  as  gravel.  Solid 
granite  formations  which  can  only  be  disintegrated  by  blasting 
should  be  classed  as  solid  rock. 

The  following  classification  is  suggested  as  fully  covering  the 
subject,  where  three  classes  are  provided: 

Glass  i.— ^All  rock  in  solid  beds  or  masses  which  can  best  be 
removed  by  blasting. 

Class  2. — Slate,  shale,  hardpan,  cemented  gravel,  soapstone, 
soft  sandstone,  and  all  other  rock  loose  enough  to  be  removed  with- 
out blasting,  althovigh,  to  facilitate  handling,  blasting  may  oc- 
casionally be  resorted  to. 

Class  S. — All  material  which  in  its  natural  condition  can  be 
plowed  with  a  plow  cutting  a  furrow  10  in.  wide  and  10  in.  deep, 
drawn  by  four  horses  or  mules,  each  weighing  not  less  than  1 100 
lb.,  and  moving  at  a  reasonable  plow  speed. 

Where  any  excavation  contains  material  of  more  than  one  classi- 
fication, the  relative  percentage  of  each  class  shall  be  determined 
by  actual  measurement  and  observation  during  the  progress  of  the 
work. 

If  this  last  clause  is  observed  by  the  engineer,  the  classification 
will  not  be  so  much  a  matter  of  opinion  as  is  too  often  the  case 
under  present  practice.  It  is  folly  to  attempt  to  classify,  with  any 
degree  of  fairness,  any  excavation  containing  the  various  classes 
of  material,  after  the  excavation  has  been  made.  This  method, 
so  often  followed,  is  unfair  to  both  parties.  It  resolves  itself  into 
a  guess  as  to  classification,  and  the  question  as  to  who  gets  the 
best  of  it  depends  on  the  guessing  ability  of  the  engineer. 

The  writer  has   in  mind   an   instance  of   the  varying  opinions 
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of  engineers  as  to  classification:  A  cut  containing  20  000  cu.  yd.  Mr.  Parker, 
was  divided  in  the  middle  on  two  engineers'  divisions,  each  getting 
10  000  cu.  yd.  The  cut  was  uniform  in  depth  on  both  sides  of 
the  dividing  line.  The  character  of  the  material  was  the  same 
throughout  the  cut,  and  was  hard  sandstone  overlaid  with  a  layer 
of  earth  too  thin  to  be  removed  by  plowing  and  scraping.  The  en- 
tire cut  had  to  be  blasted  continually.  One  engineer  turned  in  his 
final  estimate  of  9  500  cu.  yd.  of  solid  rock  and  500  cu.  yd.  of 
earth;  the  other  estimated  500  cu.  yd.  of  earth,  3  500  cu.  yd.  of 
loose  rock  and  6  000  cu.  yd.  of  solid  rock.  This  is  one  of  many 
instances  which  the  writer  could  give,  which  show  clearly  a  differ- 
ence of  opinion  in  matters  of  classification,  where  no  difference 
should  be  possible. 

For  moving  classified  material  at  mean  fair  prices  a  contractor 
may  make  a  reasonable  profit  on  his  work,  or  he  may  lose  money, 
depending  entirely  on  the  judgment  or  opinion  of  the  engineer; 
and,  under  many  specifications,  there  is  so  much  room  for  error 
in  opinion  that  a  contractor  never  knows  how  he  is  to  fare  in  the 
final  settlement.  This  condition  should  not  exist.  In  the  writer's 
opinion,  the  fairest  ■  and  most  reasonable  grading  specifications 
divide  the  material  into  two  classes :  solid  rock,  or  material  of  the 
first  class ;  and  earth,  or  material  of  the  second  class,  which  covers 
all  other  materials.  The  work  should  be  paid  for  in  embankment 
find  also  in  excavation,  or  "pay  both  ways,"  as  it  is  usually  termed. 
Eliminate  the  overhaul  provision  and  make  the  extreme  haul  2  000 
ft.,  with  a  special  price  per  cubic  yard  for  any  haul  of  more  than 
that  distance.  A  contract  drawn  on  these  lines  prevents  all  con- 
troversies between  engineers  and  contractors  in  reference  to  classi- 
fication and  overhaul,  much  to  the  relief  of  both  parties. 

The  overhaul  provision  in  specifications  is  a  source  of  never- 
ending  controversy.  In  the  early  days  of  this  provision,  overhaul 
v.'as  largely  a  matter  of  guess,  as  with  classification,  especially  with 
railroad  building  in  the  West.  The  writer  is  familiar  with  many 
methods  of  calculating  overhaul.  Many  of  the  graphical  methods 
are  so  obscured  in  mathematical  detail  that,  to  the  average  grading 
contractor,  they  are  absolutely  unintelligible. 

The  method  now  used  extensively  is  to  take  the  distance  be- 
tween the  centers  of  mass  in  excavation  and  embankment  for  the 
average  haul,  and  deduct  therefrom  the  free  haul.  This,  when 
used  properly,  appears  to  be  about  as  reasonable  a  method  as  can 
be  devised. 

All  methods  of  calculating  overhaul  known  to  the  writer  are 
erroneous  to  a  greater  or  less  degree.  Ordinarily,  no  considera- 
tion is  given  to  the  shrinkage  or  swell  of  material  from  excava- 
tion.     It   is    assumed    that    a    certain    number    of   cubic    yards   of 


380  DISCU8SI0X    ox    GRADUATIOX    OF    RAILROADS  [Papei>. 

Mr.  Parker,  excavation  in  place  will  make  the  same  niunber  of  cubic  yards  of 
embankment.  The  error  is  evident.  For  example.  10  000  cu.  yd. 
of  earth  are  hauled  from  a  cut  to  make  10  000  cu.  yd.  in  an  em- 
bankment upon  which  the  overhaul  has  been  calculated.  The  ex- 
cavation falls  short  of  rftaking  the  embankment  by  1  000  cu.  yd. 
The  contractor  is  paid  for  the  overhaul  as  calculated  and  puts  in 
the  extra  1  000  cu.  yd.  at  his  own  expense,  or,  rather,  receives  the 
overhaul  price  instead  of  the  embankment  price  for  the  extra 
1  000  cu.  yd.  Such  instances  are  common,  and  have  come  under 
the  writer's  observation  frequently;  they  are  not  exceptions. 

In  the  excavation  of  rock  formations,  the  swell  of  the  material 
varies  greatly,  depending  upon  the  class.  When,  from  an  excava- 
tion, the  embankment  quantities  are  made  and  the  extreme  limit 
of  haul  is  reached,  the  remainder  of  the  excavation  must  be  wasted. 
The  contractor  receives  pay  for  overhaul  for  the  yardage  in  the 
embankment;  but,  for  the  waste  material,  he  receives  no  compen- 
sation for  hauling,  unless  he  elects  to  haul  past  the  haul  limit 
and  accept  embankment  price  for  it.  As  a  result,  he  often  hauls 
from  an  excavation  a  large  percentage  of  the  material  without 
any  compensation  for  such  haul.  In  many  cases  this  waste  material 
must  be  distributed  along  the  embankment,  and  this  becomes  an 
unjust  burden  on  the  contractor.  In  the  writer's  experience,  no 
instance  is  recalled  where  the  length  of  overhaul  has  been  calcu- 
lated on  the  route  taken  from  cut  to  fill.  The  writer  has  in  mind 
several  instances  of  100-ft.  cuts  into  100-ft.  fills,  as  mentioned  by 
the  author.  Some  were  filled  from  suspension  bridges,  and  others 
by  using  a  long  and  elaborate  system  of  tracks  and  trestles.  In 
such  cases  the  ordinary  allowance  per  cubic  yard  for  overhaul  does 
not  begin  to  cover  the  expense  of  hauling,  and,  as  a  matter  of  fact, 
from  the  writer's  experience,  the  average  price  of  1^  cents  per 
cu.  yd.,  paid  for  overhaul  of  more  than  500  ft.  and  up  to  1  500 
ft.,  rarely  pays  for  the  expense  of  hauling,  under  the  most  favorable 
circumstances.  Under  the  method  of  estimating  overhaul  from 
center  of  mass  to  center  of  mass,  the  writer  has  known  instances 
where  the  engineers  construed  these  centers  as  being  the  limit  of 
haul.  Under  a  clause  in  a  contract  limiting  the  haul  to  1  500  ft., 
the  writer  has  haviled  material  for  twice  this  distance,  or  until 
the  centers  of  mass  were  1  500  ft.  apart.  If  the  overhaul  clause 
is  to  remain  a  part  of  grading  specifications,  the  writer  quite 
agrees  with  the  author  that  the  stations  of  free  haul,  and  also  the 
stations  of  center  of  mass  in  cut  and  fill,  should  be  established. 
Overhaul  computation  on  this  basis  can  always  be  checked  at  any 
subsequ.ent  time.  Unless  some  such  arbitrary  method  of  calcula- 
tion be  adopted  and  set  forth  clearly  in  the  specifications,  the  long- 
drawn-out  controversy  over  the  question  will  always  remain  a  sub- 
ject of  annoyance  and  misunderstanding." 
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To  strike  out  the  overhaul  clause  from  railroad  grading  specifi-  Mr.  Parker, 
cations  would  be  for  the  best  interests  of  both  parties,  and  would 
inaugurate  a  system  of  square  dealing.  As  remarked  before,  the 
only  fair  way  to  pay  for  grading  is  to  pay  for  the  excavation  and 
also  for  the  embankment.  With  uniformity  of  classification  and 
the  elimination  of  the  overhaul  clause,  the  contractor  would  always 
know  what  conditions  he  had  to  meet,  and  his  bid  could  be  ar- 
ranged intelligently.  Railroad  contracting  would  then  become  a 
straightforward  business  proposition,  instead  of  a  hazardous  risk, 
under  which,  to  be  absolutely  safe,  the  contractor  must  place  his 
figures  high  enough  to  cover  the  contingencies  that  may  arise  un- 
der the  classification  uncertainties. 

Halbert  p.  Gillette,  M,  Am.  Soc.  C.  E.  (by  letter). — The  author  Mr.  Guiette. 
has  done  a  service  to  the  profession  of  engineering,  as  well  as  to 
the  business  of  contracting,  by  collecting  so  many  examples  of 
ambiguous  specifications  for  excavation.  It  would  be  difficult,  how- 
ever, to  select  any  work  so  hard  to  define  in  words  as  the  classes  of 
excavation.  Earth  merges  by  insensible  degrees  into  hardpan  or 
shale;  hardpan  and  shale  merge  into  conglomerate  and  slate  by 
equally  insensible  degrees;  geologically,  there  is  no  dividing  line  be- 
tween what  is  called  "earth"  and  what  is  called  "rock."  This  fact 
is  well  illustrated  in  the  dictionary  definitions  cited  by  the  author, 
and  it  is  shown  even  better  by  the  definitions  found  in  textbooks  on 
geology.  It  may  be  seen,  therefore,  that  some  arbitrary  test  should 
be  prescribed  to  differentiate  rock  from  earth  when  different  prices 
are  to  be  paid  for  each.  The  ancient  "plow  test"  has  many  ad- 
herents, but  in  its  usual  form  it  is  probably  more  productive  of 
legal  trouble  than  any  other  clause  ever  devised  by  an  engineer. 
Some  years  ago  the  State  Engineer  of  New  York  suffered  most  un- 
just criticism  because  of  supposedly  unfair  classification  of  excava- 
tion by  the  plow  test,  and  his  retirement  from  office  was  probably 
due  in  large  measure  to  this  unjust  criticism. 

The  writer,  while  on  the  editorial  staff  of  Engineering  News,  in 
1903,  wrote  a  series  of  editorial  articles  criticizing  specifications, 
and  he  recalls  having  written  one  suggesting  an  earth  classification 
test  somewhat  similar  to  that  proposed  by  the  author.  Instead  of 
specifying  a  furrow  10  by  10  in.,  however,  he  suggested  a  minimum 
number  of  cubic  yards  loosened  per  10-hour  day  by  a  6-horse  plow. 
It  still  seems  to  the  writer  to  be  a  much  better  plan  to  specify  in 
cubic  yards,  for  the  ciibic  yard  is  the  unit  of  cost,  and,  after  all,  the 
object  is  to  secure  some  definite  cost  classification.  A  10  by  10-in. 
furrow  cut  by  four  horses  means  nothing  very  definite  unless  the 
amount  of  useful  work  is  specified,  either  by  naming  the  average 
speed  of  cutting,  or  the  average  number  of  cubic  yards  to  be 
loosened  in  a  given  time;  but  why  limit  "earth"  to  such  easy  ma- 
terial as  can  be  loosened  by  four  horses?    Ten-horse  plows  are  very 
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Mr.  Gillette,  common  in  the  West,  where  driving  with  a  jerk-line  is  practiced. 
There  is  a  serious  objection  to  the  plow  test  wherever  work  is  to  be 
done  with  steam  shovels,  and  the  objection  is  that  it  is  practically 
impossible  to  apply  the  test  in  many  cases.  In  a  through  cut,  for 
example,  the  top  4  ft.  of  material  may  be  loam,  below  which  may 
lie  an  indurated  clay  of  hardpan  consistency.  The  steam  shovel 
exposes  a  vertical  face  upon  which  no  plow  test  can  be  made ;  unless 
this  4-ft.  stratum  is  stripped,  the  plow  test  is  of  no  use  on  the  sur- 
fr,ce.  The  bottom  of  the  pit  may  be  solid  rock.  Of  what  practical 
i^se  is  the  plow  test  under  such  conditions? 

Many  other  conditions  might  be  mentioned  to  show  the  exceed- 
ing difficulty  of  applying  a  plow  test  in  a  satisfactory  manner. 
One  more  will  suffice.  In  soil  of  glacial  origin,  lenses  of  hardpan 
are  frequently-  encountered,  surrounded  by  gravel,  sand,  or  shot 
clay.  It  is  impracticable  to  strip  these  lenses  in  steam-shovel  work 
for  the  purpose  of  using  a  plow  test,  and,  without  stripping,  no  such 
test  is  possible. 

The  plow  test,  therefore,  may  serve  in  plow  work,  but  it  is  prac- 
tically useless  in  much  of  the  work  done  by  steam  shovels. 

What  test,  then,  shall  be  applied  ?  In  the  writer's  book  on  earth- 
work,"'-' the  suggestion  is  made  that  excavation  be  classified  by  sam- 
ples taken  from  specified  locations  on  the  profile.  No  practical 
method  of  specifying  with  any  degree  of  exactitude  seems  possible 
to  the  writer,  and  a  varied  experience,  embracing  excavation  at 
different  places  across  the  American  continent,  has  served  to  empha- 
size this  conclusion. 

It  is  true  that  this  method  of  '^specifying  by  samples"  involves 
digging  test-pits  and  sinking  bore-holes,  but  the  writer  is  firmly 
convinced  that  no  engineer  ever  spent  a  dollar  that  returned  a 
greater  dividend  than  the  one  spent  in  ascertaining  the  character 
of  the  excavation  before  the  award  of  the  contract. 

On  any  extensive  i^iece  of  excavation,  earth  should  be  dug,  and 
rock  should  be  blasted,  by  the  engineer,  to  ascertain  its  quality,  as 
well  as  to  determine  the  relative  quantities  of  each  class.  The  en- 
gineer who  cannot  persuade  his  employer  to  go  to  this  extra  expense 
is  hardly  fit  to  be  in  charge  of  the  work;  or,  if  he  is  fit,  he  does 
himself  an  injustice  in  not  resigning  if  his  advice  is  ignored. 

The  writer  agrees  with  the  author  in  recommending  the  "end- 
area"  formula,  provided  the  field  engineer  is  taught  how  to  space 
his  cross-sections. 

The  author,  in  common  with  some  other  writers,  conveys  a  wrong 
impression  by  saying  that  the  "end-area"  formula  is  compulsory 
in  some  States.  It  is  not  compulsory  in  any  State,  but  laws  do 
provide  that,  "in  the  absence  of  any  specified  agreement  as  to 
measurement,"  the  "average  end-area"  formula  must  be  used. 

*  "Earthwork  and  Its  Cost,"  p.  21. 
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In  the   matter  of  specifying  that   embankments   shall   be   built  Mr.  Gillette. 
in  layers,  the  writer  is  in  hearty  accord  with  the  author,  and  has 
already  expressed  himself  at  some  length  elsewhere.    It  is  the  acme 
of  asininity  to  specify  that  embankments  shall  be  built  in  layers 
when  there  is  no  intention  of  enforcing  the  specification. 

As  to  sub-contracting,  the  writer  also  agrees  with  the  author. 
In  the  writer's  judgment,  the  ideal  method  of  doing  all  work  in  the 
world  is  by  some  sort  of  contract  system,  and  the  further  down  the 
line  the  method  can  be  carried,  the  better.  A  sub-contractor  is  a  su- 
perintendent or  foreman  whose  wages  are  paid  in  the  form  of  profits. 
A  man  working  by  piece-work,  or  under  a  bonus  system,  is  a  sub- 
sub-contractor,  and  his  wages,  in  turn,  depend  directly  upon  his 
energj'  and  skill. 

Engineers  will  always  have  more  or  less  trouble  with  contract- 
ors; but  he  is  a  weak  engineer,  or  a  lazy  one,  who  permits  such 
troubles  to  lead  him  into  the  wasteful  method  of  doing  work  by 
day  labor  when  it  is  possible  to  do  it  by  contract,  by  sub-contract,  or 
by  sub-sub-contract.  The  writer  has  recently  examined  extensive 
records  of  cost  of  railroad  work  done  by  contract  and  by  comiDany 
forces  working  on  the  day-labor  plan.  It  is  no  unusual  thing  to 
find  that  company  work  has  cost  200%  more  than  contract  work 
under  precisely  the  same  conditions.  For  example,  it  has  cost  one 
railway  $1  600  per  mile  to  lay  and  surface  track,  where  $500  would 
have  been  sufiicient  under  a  contract.  The  grading  cost  was  equally 
disproportionate. 

If  any  engineer  believes  he  can  do  work  cheaper  for  a  company 
by  day  labor  than  by  contract,  he  will  be  doing  the  company  the 
greatest  possible  service  by  resigning  and  taking  the  contract  him- 
self. Then  the  knowledge  that  he  must  make  his  brains  make  the 
muscles  of  his  men  work,  or  no  pay  for  his  time  will  be  had,  is 
certain  to  test  his  ability  to  effect  economies  as  no  other  condition 
can. 

Then,  let  there  be  an  end  to  these  absurd  clauses  prohibiting 
sub-contracting.  Now  that  engineers,  in  rapidly  increasing  num- 
bers, are  entering  the  business  of  contracting,  there  is  reason  to 
hope  for  more  contributions  such  as  this  admirable  paper.  Let  the 
discussion  be  one  of  hard  blows,  if  need  be,  for,  as  long  as  it  brings 
out  the  honest  opinions  of  both  parties  as  to  a  contract,  it  is  bound 
to  result  in  more  reasonable  prices,  fewer  lawsuits,  and  greater 
economy  for  all  concerned. 

James  H.  Kennedy,  M.  Am.  See.  C.  E.  (by  letter). — This  paper  Mr.  Kennedy, 
is  most  interesting  and  instructive,  as  the  author  appears  to  view  the 
subject  principally  from  the  standpoint  of  the  contractor,  and  pre- 
sents the  generally  accepted  views  of  contractors  on  contracts,  speci- 
fications, classifications,  etc.,  in  a  very  able  and  lucid  manner. 
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Mr/Kennedy.  This  view  of  the  Subject  will  be  of  great  value  to  many  engineers 
who  have  never  been  called  upon  to  look  at  these  matters  as  the 
contractor  sees  them.  A  somewhat  limited  experience  as  a  con- 
tractor's engineer,  in  cases  where  estimates  failed  to  cover  working 
expenses,  leads  the  writer  to  agree  with  most  of  the  conclusions  ar- 
rived at  by  Mr.  Dennis.  It  may  also  be  added  that  these  conclusions 
V.411  be  found  to  be  of  great  help  in  understanding  human  nature 
as  exhibited  by  the  contractor  who  digs  deeper  and  deeper  into  his 
pocket  to  meet  current  expenses,  not  knowing  where  he  is  likely 
to  get  oflf,  or  whether  or  not  he  is  getting  justice  at  the  hands  of 
the  engineer. 

The  usual  railway  contract  is,  no  doubt,  a  very  one-sided  agree- 
ment, altogether  in  the  interests  of  the  railway  company,  from  the 
contractor's  point  of  view,  and  its  conditions  generally  clothe  the 
engineer  with  autocratic  powers.  It  is  so  one-sided,  in  fact,  that 
its  provisions  seldom  require  the  engineer  to  take  advantage  of 
them,  and  so  unreasonable  that  the  contractor  often  disregards  the 
objectionable  clauses  of  his  contract  entirely,  and,  sizing  up  the 
engineer,  takes  his  chances  of  being  allowed  to  avoid  such  clauses 
on  account  of  his  knowledge  of  the  kind  of  engineer  with  whom  he 
has  to  deal.  Nevertheless  occasions  arise  when  it  is  necessary,  in 
the  interests  of  the  railway  company,  to  take  advantage  of  one  or 
all  of  these  rigid  clauses  of  the  contract;  consequently,  it  is  doubt- 
ful whether  they  will  ever  be  eliminated  entirely.  The  writer  can- 
not agree  with  the  author,  however,  when  he  says : 

"The  time  has  about  come  for  the  companies  to  be  willing  to 
assume  the  risk  of  their  own  acts  and  plans,  and  not  to  saddle  these 
risks  further  upon  contractors." 

It  is  not  clear  that  the  contractor  assumes  any  risk  except  his 
own,  with  the  exception  of  an  occasional  change  of  location  which 
is  unfavorable  to  him;  this,  however,  is  usually  provided  for  in  the 
contract. 

Again,  in  the  matter  of  classification  of  material,  where  there  is 
a  classification  varying  from  earth  at  one  end  of  the  scale  to  solid 
rock  at  the  other,  and  with  intermediate  classes  of  hardpan,  loose 
rock,  etc.,  between,  there  is  no  trouble  in  classifying  the  earth  and 
rock,  as  all  specifications  are  somewhat  clear  and  definite ;  but  this 
is  not  so  with  the  intermediate  classes,  especially  where  it  is  the 
custom  to  allow  a  percentage  of  each  class,  varying  with  the  hard- 
ness of  the  material  or  the  cost  of  handling.  It  may  be  safely  stated 
that,  not  only  will  diflFerent  engineers  seldom  give  exactly  the  same 
classification,  but  the  same  engineer  is  likely  to  vary  his  classifica- 
tion somewhat  on  different  days  when  passing  over  the  work,  and, 
if  notes  be  kept  and  compared,  he  will  be  surprised  at  the  different 
classifications   which  he  has  made  from  day  to  day  for  the  same 
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^ork;  consequently,  there  is  no  definite  and  fixed  standard  by  which  Mr.  Kennedy. 
all  engineers  will  classify  in  the  same  way;  but  each  must  follow' 
his  individual  ideas.  In  time  these  ideas  become  fixed,  so  that,  in 
the  mind  of  the  contractor,  they  become  what  may  be  called  the  en- 
gineer's personal  equation.  Every  engineer  who  follows  railway 
work  has  this  personal  equation,  whether  he  knows  it  or  not;  conse- 
quently, contractors,  when  tendering  for  work,  give  more  attention 
to  obtaining  information  as  to  who  is  to  be  the  engineer,  than 
to  studying  up  the  requirements  of  the  contract  and  specifications. 
This  will  always  be  the  case,  to  a  certain  extent,  whether  or  not  all 
work  under  the  same  standard  specifications. 

In  regard  to  the  extra  items  connected  with  all  contracts,  the 
author,  no  doubt,  has  the  correct  idea,  and  the  writer  ixiWy  agrees 
in  the  opinion  that : 

"One  matter  should  not  carry  the  cost  of  another  matter,  unless 
the  latter  be  uniformly  a  concomitant  of  the  first  and  is  specified  so 
definitely  that  its  quantity  and  cost  can  be  calculated." 

As  an  illustration  of  the  meaning  here  intended,  an  item  of 
clearing  may  be  assumed  to  be  a  single  large  spreading  tree  in  the 
middle  of  a  cleared  field,  which  has  cost  the  contractor  $10  to  re- 
move, and  his  contract  price  for  clearing  to  be  $20  per  acre.  The 
writer's  idea  is  that  this  should  be  returned  in  the  estimate,  as  a 
sufi'icient  area,  to  amount  to  $11;  this  is  the  cost  plus  the  usual 
percentage,  independent  of  actual  measurement  on  the  ground.  The 
reason  for  this  opinion  is :  that  there  is  no  way  by  which  the  con- 
tractor can  obtain  a  definite  idea  of  what  he  might  be  allowed  for 
this  particular  piece  of  work,  and  could  not  have  provided  for  it. 
It  may  be  objected,  that  the  above  case  would  be  reducing  the  work 
to  a  force-account  basis,  and  that  it  would  be  unfair  to  the  company 
to  pay  for  the  odds  and  ends  on  such  account,  while  the  principal 
part  of  the  work  is  done  by  measurement  at  contract  price;  but  the 
case  here  assumed  is  only  intended  as  an  illustration  of  a  case  which, 
in  its  nature,  cannot  be  covered  by  actual  measurement.  In  a  gen- 
eral way,  there  is  no  valid  reason  why  such  items  as  foundation  pits, 
drains,  etc.,  should  not  be  measured  up  and  returned  at  actual 
measurements,  but  it  is  clear  that  the  railway  engineer  cannot  avoid 
entirely  the  use  of  the  force  account. 

On  the  whole,  the  idea  of  a  standard  form  of  contract,  which 
could  be  used  by  all  companies,  is  a  good  one;  and  if  the  Society 
should  take  tip  the  matter,  there  is  no  reason  why  the  Standard 
form  of  Contract  and  Specifications  of  the  American  Society  of 
Civil  Engineers  should  not  become  as  well  known  as  the  Standard 
Kail  Section  of  the  American  Society  of  Civil  Engineers. 
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By  p.  M.  Pritchard,  Assoc.  M.  Am,  Soc.  C.  E. 


P.  M.  Pritchard,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— It 
■would  appear  to  the  writer  to  be  a  somewhat  difficult  matter  to 
estimate,  even  approximately,  the  quantity  of  air  liberated  from 
water  flowing  through  a  siphon,  owing  to  the  fact  that  some  of  the 
air,  freed  from  solution  in  the  water  by  the  reduction  of  pressure, 
remains  entrained  in  the  water  and  is  carried  with  it  through  the 
siphon.  The  quantity  of  air  or  gas  held  in  solution  by  the  water 
and  liberated  for  a  given  reduction  of  pressure  can  be  found  by  a 
simple  laboratory  experiment. 

The  writer  has  recently  installed  a  siphon  of  considerable  size, 
as  shown  by  Fig.  2.     In  this  case,  a  receiver  was  fixed  near  the 


gy»^ij'Vij-;jB«,'ar^:%'|_pia'iyj;^^  IfTniii  n- 


Fig.  2. 


delivery  end  of  the  siphon  with  the  object  of  catching  air  liberated 
from  the  water  and  swept  along  the  top  of  the  siphon  pipe. 

*  This  discussion  tof  the  paper  by  Charles  Anthony.  Jr..  M.  Am.  Soc.  C.  E.,  printed 
in  Proceedinys  for  January,  1907),  is  printed  in  Proceedings,  in  order  that  the  views 
expressed  may  be  brought  before  all  members  for  further  discussion. 
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At  present  a  small  steam  jet  extracts  the   air  collected  in  the  Mr.  Pritchard. 
receiver  while  the  siphon  is  at  work,  but,  from  the  appearance  of 
the    water    delivered    by    the    siphon,    it    is    evident    that    a    large 
quantity    of    the    air    liberated    from    the    water    is    entrained    and 
carried  away  with  it. 

It  seems  that  it  ought  to  be  possible  to  design  an  ejector, 
operated  by  the  water  itself,  to  exhaiTst  the  air  accumulated  in  the 
receiver,  and  experiments  are  being  made  on  these  lines. 

Incidentally,  the  writer  would  say  that  the  siphon  shown  in 
Fig.  2  is  the  largest  of  which  he  has  been  able  to  find  any  record. 
With  a  6-in.  difference  of  water  level,  the  delivery,  very  approxi- 
mately, is  1  500  000  English  gal.  per  hour. 
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Note.— Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 

FELICIAN  SLATAPER,  M.  Am.  Soc.  C.  E.* 


Died  September  11th,  1906. 


Felician  Slataper  was  born  in  Trieste,  Austria,  on  April  19th, 
1828.  After  his  early  schooling,  he  entered  the  Austrian  Naval 
Academy  at  Venice  in  1841.  Leaving  this  academy  in  1844,  he 
pursued  his  studies  until  1848  in  the  Polytechnic  College  at  Vienna. 
In  1850,  he  determined  to  seek  his  fortune  in  a  new  land,  and 
sailed  from  Trieste  to  San  Francisco,  and  from  there  to  the 
Isthmus  of  Panama,  where  he  was  employed  on  the  rebuilding  of 
the  roads  across  the  Isthmus.  Here  he  was  stricken  with  fever, 
and,  while  convalescing,  set  sail  for  New  York,  arriving  early  in 
1851. 

Owing  to  his  limited  knowledge  of  English,  Mr,  Slataper  found 
some  difficulty  in  procuring  permanent  employment  in  New  York; 
and,  in  the  spring  of  1852,  he  made  his  way  to  Pittsburg,  and  se- 
cured employment  with  the  Pennsylvania  Railroad  as  Assistant 
Architectural  Draftsman,  under  Oliver  W.  Barnes,  M.  Am.  Soc. 
C.  E.,  who  was  at  that  time  the  Principal  Assistant  Engineer  in 
charge  of  the  construction  of  the  Western  Division  of  the  Pennsyl- 
vania Railroad,  and  of  the  Machine  Shops  and  Round  House  m 
Pittsburg.  Mr.  Slataper  was  engaged  chiefly  upon  the  tracings 
of  the  plans  of  these  buildings.  He  remained  in  this  employment 
a  year  or  more,  and  then  went  to  the  Pittsburg  and  Connellsville 
Railroad,  serving  under  Mr.  Barnes,  who  had  left  the  service  of  the 
Pennsylvania  Railroad  Company  in  the  spring  of  1853. 

Later,  Mr.  Slataper  moved  to  Washington,  D.  C,  and  took  a 
position  in  the  Government  service.  In  1861,  he  went  to  the 
Downingtown  and  Waynesburg  Branch  of  the  Pennsylvania  Rail- 
road, then  being  constructed  by  Mr.  Barnes  as  Chief  Engineer, 
and  made  a  topographical  survey  and  map  of  the  line  and  the 
adjoining  country. 

In  1863  Mr.  Slataper  took  service  with  the  Pittsburg,  Fort 
Wayne  and  Chicago  Railway  Company,  as  Division  Engineer,  con- 
tinuing in  that  service  until  1869  when  that  road  was  leased  by  the 
Pennsylvania  Railroad  Company.  He  continued  with  this  com- 
pany, and,  in  1870,  entered  the  service  of  the  Pennsylvania  Com- 
pany,    organized     to     operate     the     Pittsburg,     Fort     Wayne     and 
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Chicago  Kailway  and  other  lines  west  of  Pittsburg  owned  or 
controlled  by  the  Pennsylvania  Railroad  Company,  remaining  with 
that  company  for  25  years.  In  March,  1871,  he  was  appointed 
Chief  Engineer,  and  retained  that  position  until  1889,  when  he 
was  made  Consulting  Engineer,  which  position  he  finally  gave  up 
in  May,  1895,  having  then  been  on  leave  of  absence  since  Septem- 
ber, 1892,  residing  in  Trieste,  his  birthplace. 

During  the  years  1863  to  1867  inclusive,  Mr.  Slataper  was 
identified  especially  with  the  design  and  construction  of  the 
Allegheny  River  Bridge  of  the  Pittsburg,  Fort  Wayne  and  Chicago 
Railway,  making  nearly  all  the  drawings  and  superintending  its 
construction,  while  holding  the  title  of  Engineer  and  Architect 
under  the  eminent  engineer,  the  late  John  B.  Jervis,  Hon.  M.  Am. 
Soc.  C.  E.,  then  Chief  Engineer.  This  remarkable  structure,  a 
double-track,  through,  lattice  bridge  with  three  trusses,  endured, 
until  1903,  under  the  heavy  traffic  of  the  railway.  In  1893,  the 
enormous  500  000-lb.  gun,  exhibited  by  the  United  States  Govern- 
ment at  the  World's  Fair  in  Chicago,  was  moved  over  this  struc- 
ture on  its  heavy  steel  special  cars,  the  bridge  having  no  supports 
but  its  own  stone  piers,  and  being  practically  in  its  original  con- 
dition, save  for  some  unavoidable  deterioration.  This  bridge  had 
a  total  length  of  1 172  ft.,  composed  of  five  spans  of  164  ft.  each, 
and  four  spans  of  deck  plate-girders,  each  88  ft.  long.  It  will  be 
recognized  by  engineers  that  this  life  of  35  years,  during  that  period 
of  heavy  traffic  and  increasing  loads,  is  sufficient  testimony  to  the 
ability  and  painstaking  care  of  the  man  to  whom  is  clearly  due  the 
credit  of  the  design  and  execution  of  this  great  work. 

On  September  23d,  1856,  Mr.  Slataper  was  made  a  citizen  of 
the  United  States  in  the  United  States  District  Court  at  Pittsburg, 
Pennsylvania. 

In  1870  the  City  Councils  of  Pittsburg  elected  three  Water 
Commissioners,  serving  without  compensation.  They  employed 
hydraulic  engineers  and  made  a  report,  after  a  thorough  investiga- 
tion, on  the  problem  of  water  supply  for  the  city.  Mr.  Slataper 
was  the  first  man  selected,  and  the  only  one  who  had  a  unanimous 
vote.  Messrs.  J.  K.  Moorhead  and  George  A.  Berry  were  the  other 
members  of  this  commission.  Mr.  Slataper  was  very  active  and 
efficient  in  the  work  of  the  commission  and  in  the  selection  of  the 
hydraulic  engineers,  who  were  the  late  E.  S.  Chesbrough,  M.  Am. 
Soc.  C.  E.,  and  the  late  Moses  Lane,  M.  Am.  Soc.  C.  E.  The  re- 
port of  the  commission  was  duly  made,  and  with  modifications 
and  extensions,  was  carried  out,  and  the  city  water  supply  of  Pitts- 
burg as  it  is  to-day  is  the  result  of  that  commission.  Besides  this 
vsork,  Mr.  Slataper  was  frequently  employed  in  an  advisory  capacity, 
as  well  as  in  designing  works  for  other  railroads. 
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In  1876  Mr.  Slataper  was  one  of  the  judges  in  deciding  the 
awards  of  prizes  on  railway  exhibits  at  the  Centennial  Exhibition 
in  Philadelphia. 

During  the  eighteen  years  of  his  incumbency  as  Chief  Engineer 
of  the  Pennsylvania  Company,  several  new  railroads  were 
located  and  constructed  by  him,  and,  owing  to  difficulties  of  con- 
struction and  controversies  with  other  lines  seeking  to  occupy  the 
same  ground,  some  of  them  were  built  under  very  adverse  condi- 
tions. In  all  the  work  of  reconstructing  the  Fort  Wayne  Eailroad, 
he  displayed  great  resourcefulness  and  ability,  and  he  always  re- 
quired from  others  the  same  diligent  and  persistent  effort  which 
he  himself  gave  to  all  the  work  in  his  charge.  While  his  instincts 
were  naturally  kind  and  his  manner  courteous,  he  held  every  one 
to  a  strict  accountability,  and  was  content  with  nothing  but  the 
best  service  from  all  his  subordinates.  His  unswerving  loyalty  to 
duty,  and  his  high  ideal  of  integrity  earned  for  him  the  affection 
and  respect  of  his  associates,  while  his  pleasant  manner  and  his 
willingness  to  adapt  himself  to  his  company  and  surroundings  made 
him  a  welcome  companion  in  all  the  circles  of  his  business  and 
social  life. 

On  Augiist  19th,  1853,  Mr.  Slataper  married  Eliza  Jane  Lee, 
the  daughter  of  Dr.  Daniel  Lee.  The  surviving  children  of  this 
marriage  are  Daniel  Lee  Slataper,  of  Alvin,  Texas,  and  Mrs.  S.  W. 
Kerr,  of  Philadelphia.  Mrs.  Slataper  died  in  October,  1892.  In 
November,  1893,  he  married  again.  His  widow  and  her  daughter, 
Ada,  10  years  old,  survive  him,  residing  in  their  beautiful  home  in 
Trieste. 

During  his  long  and  active  career,  his  naturally  great  care  and 
thought  for  all  his  affairs  led  him  to  exercise  his  good  judgment 
in  both  saving  money  and  investing  it  carefully,  so  that  at  the 
time  of  his  death  he  was  fairly  well  provided  with  this  world's 
goods,  of  which  he  made  a  just  and  carefully-thought-out  division 
between  his  surviving  heirs  on  both  sides  of  the  Atlantic. 

Mr.  Slataper  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  15th,  1869,  and  while  he  sometimes 
attended  the  Conventions  of  the  Society,  his  very  busy  life,  as  well 
as  his  inclinations  to  follow  his  duties  very  closely,  left  him  little 
or  no  opportunity  to  make  any  contributions  to  the  literature  of 
the  Society,  nor  did  his  tastes  or  his  inclinations  lead  him  in  this 
direction.  He  was,  however,  always  faithful,  competent,  and  dili- 
gent, gaining  the  respect  and  esteem  of  his  friends  and  associates, 
rendering  devoted  service  to  his  employers,  ajid  leading  such  an 
exemplary  life  as  to  be,  in  all  respects,  in  his  family,  social,  and 
business  life,  a  worthy  example  to  those  who  had  the  privilege  of 
working  under  or  being  associated  with  him. 
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The  writer  visited  Mr.  Slataper  in  March,  1906,  at  Trieste,  and 
found  him  apparently  in  very  good  health,  tall,  with  a  full  head  of 
hair  and  full  heard,  both  perfectly  white.  He  was  slightly  bowed 
at  the  shoulders,  but  was  active  in  body  and  mind,  and  seemed 
in  a  better  situation  to  enjoy  the  true  felicities  of  life  than  ever 
before.  But  this  was  his  last  good  time,  and  thenceforward  he  de- 
clined in  health  and  strength  until  the  time  of  his  death,  on  Sep- 
tember 11th,  1906,  in  his  seventy-ninth  year.  During  all  this  time 
he  had  the  affectionate  care  and  devotion  of  his  family,  being  sur- 
rounded by  every  possible  comfort  and  solaced  in  his  last  days  by 
the  memories  of  a  well-spent  life.  His  many  friends  in  America 
will  appreciate  these  particulars. 
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THE  REINFORCED  COXCRETE  BRIDGE 

ACROSvS    THE    HUDSON     RIVER 

AT  SANDY  HILL.  NEW  YORK. 


By  William  H.  Burr,  M.  Am.  Soc.  C.  E. 
To  BE  Presexted  M.\Y  loTH,  1907. 


The  bridge  across  the  Hudson  River  at  Sandy  Hill,  N.  Y.,  is 
a  reinforced  concrete  structure  built  jointly  by  the  Counties  of 
Saratoga  and  Washington  and  the  Union  Bag  and  Paper  Company, 
v\-hose  extensive  paper  and  pulp  mills  are  located  on  both  sides  of 
the  river  in  close  proximity  to  the  bridge.  The  structure  is  to 
serve  for  both  highway  and  jiassenger  traffic  and  for  the  transpor- 
tation of  materials,  either  raw  or  finished,  between  the  mills  and 
the  railway  tracks  on  either  side  of  the  river. 

The  width  of  the  bridge,  between  the  outer  surfaces  of  the 
spandril  walls,  is  35  ft.  8  in.,  while  the  width  between  the  coping 
stones  is  32  ft.  The  latter  width  affords  room  for  a  roadway  26  ft. 
9  in.  wide  and  a  .5-ft.  3-in.  sidewalk.  On  one  side  of  the  roadway 
is  placed  a  standard  gauge  railway  track,  the  center  of  the  nearest 
rail  being  4  ft.  3  in.  from  the  adjacent  coping.  The  railway  track 
is  designed  for  the  use  of  the  Union  Bag  and  Paper  Company  in 

Note. — The.se  papers  r.re  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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the  transportation  of  its  material,  to  which  reference  has  already 
l-een  made. 

There  are  hfteen  arch  spans,  each  60  ft.  in  the  clear,  the  piers 
being-  6  ft.  thick  at  the  top  between  the  springing  joints  of  the 
arch  ring,  and  9  ft.  thick  13  ft.  below  the  springing  joints  at  the 
top  of  the  foundation  mass  of  concrete.  The  total  length  of  the 
bridge  and  the  two  abutment  walls  is  1  025  ft.,  making,  it  is  be- 
lieved, the  longest  reinforced  concrete  structure  in  existence  at 
the  present  time.  The  radius  of  the  intrados  is  57  ft.  6  in.  As 
shown  on  the  plans,  the  rise  of  each  arch  is  8  ft.  6  in.  The  depth 
of  the  ring  stones  is  IS  in.  at  the  crown  and  30  in.  at  the  skewback 
or  springing  joint. 

The  spandril  walls,  as  well  as  the  arch  ring  and  the  exterior 
walls  of  the  piers  and  abutments,  are  composed  of  concrete  blocks 
designed  with  interior  open  spaces  or  voids  filled  with  thin  mortar 
or  thick  grout  after  being  laid  in  place.  These  blocks  were  cast 
or  moulded  in  wooden  forms  in  a  bi;ilding  near  the  east  end  of  the 
bridge,  and  were  usually  taken  out  of  the  forms  in  from  24  to  iS 
hours  after  being  cast.  Reference  to  this  feature  of  the  structure 
will  be  made  later. 

The  railing  is  also  of  concrete,  the  upright  members  having 
been  cast  in  forms  or  moulds  in  a  manner  similar  to  that  in  which 
the  spandril  and  other  blocks  were  made,  with  the  horizontal  mem- 
bers cast  in  place. 

The  main  supporting  members  of  each  span  are  five  arch  ribs, 
the  two  heavier  ribs  being  placed  under  the  railway  track,  each 
rail  being  over  the  center  of  a  rib.  The  other  three  ribs  are 
placed  equi-distant  from  each  other  and  from  the  adjacent  railway 
rib,  5  ft.  10  in.  from  center  to  center.  Internal  spandril  walls, 
each  12  in.  thick  for  the  three  lighter  ribs,  and  15  in.  thick  under 
the  railway  track,  support  a  reinforced  concrete  floor  plate  or  slab 
S  in.  thick  for  the  entire  roadway  and  6  in.  thick  for  the  side- 
walk, the  top  surface  of  the  latter  being  S  in.  above  the  former. 
The  top  surface  of  the  concrete  is  the  finished  sidewalk  surface, 
but  an  asphalt  pavement,  crowned  to  a  thickness  of  4  in.  between 
the  railway  tracks  and  2  in.  at  the  gutter,  is  laid  for  the  road- 
way pavement,  bricks  suitably  formed  being  laid  on  each  side 
of  each  rail.     The   outer   edges   of   the   sidewalk   plates    and   their 
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proportionate  loads  are  carried  by  the  spaudril  walls  and  the  ring 
stones.  The  structure  is  designed  to  carry  its  own  weight,  a  snow 
load  of  12  lb.  per  sq.  ft.  and  a  moving  load  of  100  lb.  per  sq.  ft. 
over  the  roadway  and  sidewalk,  while  the  ribs  nnder  the  railway 
track  are  designed  for  a  moving  load  consisting  of  a  train  of  cars, 
each,  with  its  load,  weighing  120  000  lb.,  carried  on  two  trucks 
with  four  wheels  each.  The  reinforced  concrete  roadway  floor 
plates  are  also  designed  to  carry  a  truck  weighing  12  tons  rest- 
ing on  a  wheel  base  of  10  by  6  ft. 

In  the  computations  the  modulus  of  elasticity  of  concrete  wa* 
taken  at  2  000  000  lb.  and  that  of  steel  at  30  000  000  lb.  per  sq.  in. 

The  bridge  is  designed  to  carrj^  the  preceding  loads  without 
exceeding  a  compressive  stress  of  500  lb.  per  sq.  in.  in  the  con- 
crete. For  all  ordinary  loadings,  even  with  the  railway  loads 
prescribed  above,  that  compressive  stress  does  not  exceed  about  -tOO 
lb.  per  sq.  in.  The  tensile  resistance  of  the  concrete  in  any  part 
is  not  taken  into  account.  As  shown  on  the  plans,  the  cross- 
section  of  the  ribs  under  the  railway  tracks  is  3  ft.  square  at  the 
springing  joints  and  3  ft.  by  1  ft.  10  in.  at  the  crown,  while  the 
three  lighter  ribs  are  2  ft.  8  in.  by  2  ft.  3  in.  at  the  springing 
joint  and  2  ft.  8  in.  by  1  ft.  2  in.  at  the  crown.  The,  steel  rein- 
forcement of  each  rib  consists  of  four  3  by  2i  by  ^-in.  angles 
embedded  in  the  concrete,  as  shown  on  the  plans,  with  not  less 
than  2  in.  of  concrete  outside  of  them  at  all  'points.  These  rein- 
forced angles  are  latticed  into  their  proper  relative  positions  by 
2}  by  ^-in.  steel  lattice  bars.  It  was  found  that  these  reinforcing 
ribs  could  not  be  secured  in  the  shape  of  ordinary  riveted  mem- 
bers without  great  delay  and  excessive  cost,  and  therefore  the  steel 
angles  and  lattice  bars  were  shipped  directly  from  the  mills  to  the 
bridge  site,  where  a  portable  punch,  shears  and  simple  bending 
rolls  were  improvised.  With  this  simple  field  outfit,  manned  by 
three  or  four  laborers,  all  the  reinforcing  steel  required  for  the  ribs 
was  laid  out,  punched,  bolted  together  and  put  in  place.  As  all 
this  work  of  fabrication  Avas  done  at  the  bridge  site,  all  the  work 
was  bolted  up,  no  rivets  whatever  being  used.  The  plans  show 
how  rigidly  the  steel  reinforcement  of  the  ribs  was  joined  at  the 
tops  of  the  piers  with  a  corresponding  reinforcement  running  down 
tc   the  bottom   of   the   concrete   hearting   of   the   piers.     By   these 
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means  the  ribs  and  piers  were  made  firmly  continuous  with  each 
other.  Furthermore,  the  batter  of  the  sides  of  the  piers  not  only- 
results  in  abundant  stability  when  a  single  span  only  is  fully 
loaded,  with  no  live  load  on  the  adjacent  spans,  but  it  also  results 
in  a  pleasing  visual  effect. 

In  order  to  lighten  the  structure  as  much  as  possible  and  to 
•economize  in  material,  panels  of  sheeting  5  ft.  long  and  6  ft.  apart 
are  omitted  between  the  highway  ribs,  but  the  sheeting  is  made 
complete  between  the  two  ribs  under  the  rails  of  the  railway.  The 
sheeting  itself,  wherever  used,  is  6  in.  thick;  a  thickness  of  4  in. 
would  probably  have  been  sufficient,  but.  as  the  bridge  is  partly 
for  a  rather  heavy  railway  traffic,  and  as  the  open  spandril  spaces 
beneath  the  floor  may  be  used  eventually  for  pipes  and  conduits, 
it  was  considered  advisable  to  adopt  a  thickness  of  6  in. 

The  steel  reinforcement  for  the  entire  work,  exclusive  of  the 
ribs,  consists  of  Thacher  rods.  The  floor  slabs  or  plates  are  rein- 
forced both  transversely  and  longitudinally  of  the  structure  by 
5-in.  rods.  6  in.  apart  longitudinally,  while  those  parallel  to 
the  axis  of  the  bridge  are  placed  as  fully  shown  on  the  plans. 
The  reinforcing  rods  for  the  roadway  and  sidewalk  lap  past  each 
other,  so  as  to  make  a  continuous  plate  from  one  side  of  the  bridge 
to  the  other.  Further  than  this,  the  ends  of  the  sidewalk  rods 
extend  about  half  way  through  the  coping,  being  bent  so  as  to 
increase  the  firmness  of  hold.  This  entire  arrangement  makes  a 
continuous  reinforced  structure,  at  the  roadway  elevation,  of  span- 
dril walls,  roadway  and  sidewalk  plates.  The  interior  spandril 
Avails  have  embedded  in  them,  throughout  the  mass  of  their  higher 
portions,  short  g-in.  rods  spaced  12  in.  apart  on  centers.  Near 
the  piers  these  walls  are  fully  9  ft.  high,  and  only  12  in.  thick 
under  the  roadway.  Although  their  thickness  under  the  railway 
is  15  in.,  it  was  considered  advisable  to  supply  positive  resistance 
against  any  tendency  to  cleavage  or  splitting  in  any  direction  ap- 
proximately vertical.  The  plans  also  show  the  thorough  method 
of  anchorage  used  for  producing  a  iwsitive  bond  between  the  soffit 
plates  or  sheeting  and  the  ring  stones.  This  particular  steel  rein- 
forcement, with  the  transverse  rods  running  through  the  sheet- 
ing, insures  an  absolutely  firm  and  continuous  bond  between  the 
ring    stones    under    the    exterior    spandril    walls    and    the    sheeting, 
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together  with  the  interior  spandril  walls.  An  examination  of  the 
plans  will  show  that  while  the  structure  is  essentially  of  skeleton 
character,  with  economical  interior  vacant  spaces,  its  parts  are 
rigidly  bound  together  in  the  most  positive  manner  with  the  steel 
reinforcement  and  by  continuity  of  concrete  work,  the  steel  being 
nowhere  within  2  in.  of  the  exterior  surface  of  the  concrete. 

The  concrete  blocks  of  the  piers  and  abutments  are  also  rigidly 
bonded  or  tied  to  the  interior  concrete  hearting  with  the  flat  steel 
-anchors  reaching  at  least  18  in.  into  the  concrete  backing.  The 
piers  and  ribs,  with  the  steel  reinforcement  of  each,  are  designed 
and  built  so  as  to  constititte  a  reinforced  monolithic  concrete  mass, 
insuring  a  fixedness  of  the  ends  of  the  ribs  to  the  pier  with  such  a 
bond  as  to  make  impossible  any  sensible  movement  of  one  with  ref- 
erence to  the  other. 

The  system  of  designing  and  casting  the  blocks  forming  the 
exterior  spandril  walls,  arch  rings  and  the  exterior  walls  of  the 
piers  and  abutments  constitutes  a  most  interesting  feature  of  this 
work,  if  not  its  only  really  novel  one.  As  the  plans  show,  these 
blocks  are  formed  with  interior  vacant  spaces  and  with  correspond- 
ing channels  or  recesses  along  their  beds  and  joints.  When  these 
blocks,  therefore,  are  laid  in  place,  as  in  the  process  of  construction, 
a  honeycomb  mass  with  internal  channels  or  open  spaces  is  formed. 
The  otiter  portions  of  the  horizontal  and  vertical  joints  may  then 
be  packed  with  any  convenient  or  economical  material  such  as  jute, 
or  any  other  fibrous  material,  or  paper  waste.  After  thus  packing 
the  outer  portions  of  the  joints,  mortar  or  thick  grout  may  be 
poured  into  the  openings  so  as  to  fill  completely  all  portions  of  these 
interior  spaces.  It  will  be  observed  that  the  recesses  in  the  blocks 
and  other  internal  openings  were  formed  so  as  to  insure  a  thorough 
and  complete  filling  of  every  portion  of  the  joints  and  spaces  in 
the  blocks  as  cast.  These  recesses  or  internal  spaces  can  be  formed 
quickly  and  cheaply  by  the  suitable  use  of  partially  filled  paper 
bags  of  sand,  as  was  done  in  this  case.  After  the  block  is  set 
these  paper  bags  are  punctured  and  the  sand  at  once  runs  out,  leav- 
ing the  desired  voids.  Furthermore,  this  process  makes  every  wall 
thus  formed  essentially  monolithic,  resulting  in  the  highest  obtain- 
able degree  of  strength,  solidity  and  water-tightness.  After  the 
mortar  has  hardened,  the  joints  are  raked  out  in  the  ordinary  man- 
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ner  and  pointed,  as  in  any  masonry.  These  blocks  were  cast  in 
wooden  forms,  the  concrete  for  the  entire  structure  being  a  1-2-4 
mixture.  The  exterior  surface  of  the  blocks  is  essentially  composed 
of  a  2  to  1  mortar.  The  forms  were  well  made  of  smoothly-sur- 
faced stuff,  although  no  extraordinary  care  or  skilled  labor  was 
used.  Carpenters  such  as  were  available  at  Sandy  Hill,  and  who 
had  never  done  such  work  before,  made  the  forms  or  moulds,  and 
local  workmen  filled  them.  Although  the  surfaces  of  the  blocks  are 
not  as  smooth  as  could  be  obtained  from  metal-lined  moulds,  and 
although  some  are  a  little  pitted,  the  results  are  excellent.  The 
general  effect  of  the  structure,  when  observed  as  a  whole,  even 
close  at  hand,  is  that  of  masonry  blocks  of  unusually  smooth 
and  regular  texture.  Experience  with  this  structure  shows  what 
highly  satisfactory  results  may  be  accomplished  in  this  field 
of  engineering  construction,  with  any  intelligent  local  labor  when 
well  directed.  This  is  equivalent  to  stating  that  reinforced  con- 
crete work,  either  en  masse  or  by  the  use  of  concrete  blocks,  is 
economically'  adapted  to  a  wide  range  of  construction  throughout 
the  country,  where  neither  a  high  degree  of  skill  in  fabrication  is 
needed  nor  more  than  the  simplest  appliances  for  mixing  the  con- 
crete and  putting  it  in  place. 

Although  the  railing  has  a  most  substantial  and  effective  appear- 
ance, it  will  be  found  on  examination  to  be  composed  of  very  simple 
members.  The  upright  T-shaped  pieces  were  cast  in  wooden  moulds, 
which,  after  hardening,  were  put  in  place.  The  top  rail  was  then 
cast  in  a  suitable  wooden  form  over  their  tops.  Its  appearance 
is  in  every  way  satisfactory. 

Over  each'  pier  and  the  crown  of  each  arch  the  roadway  and 
sidewalk  plates  are  cut  throughout  the  entire  width  between  the 
copings  of  the  exterior  spandril  walls.  The  interior  spandril  walls 
are  also  cut  at  the  same  points.  These  openings  form  expansion 
joints,  and  are  covered  with  4  by  i-in.  steel  plates.  No  other 
provision  is  made  for  expansion  or  contraction  throughout  the  entire 
structure.  The  ribs,  piers  and  abutments  form  a  continuous  rein- 
forced concrete  mass  a  little  more  than  1  000  ft.  long,  without  any 
provision  for  change  of  length,  due  to  varying  temperature  or 
originating  from  other  sources. 

A  complete  system  of  drainage  is  provided  in  a  simple  way  by 
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frequent  openings  in  the  gutters  through  the  deck  of  the  bridge, 
permitting  rain-water  and  melting  snow  to  run  directly  into  the 
river. 

As  shown  on  the  plans,  each  rail  of  the  railway  track  is  securely 
fastened  to  a  10-in.  channel,  the  flanges  of  which  are  embedded  in 
the  concrete.  Suitably  formed  vitrified  brick  are  laid  on  either 
side  of  each  rail,  and  against  these  the  asphaltic  pavement  abuts. 
The  wearing  surface  of  the  pavement  is  brought  iip  to  such  a  height 
as  to  fall  only  a  little  short  of  being  flush  with  the  top  of  the  rails, 
so  as  to  make  the  entire  roadway  deck  available  for  vehicular  traffic 
when  the  railway  track  is  not  in  use. 

The  cement  used  for  this  work  was  the  well-known  Ironclad 
brand,  manufactured  at  Glens  Falls,  X.  Y.,  about  four  miles  from 
the  site  of  the  bridge.  It  was  delivered  and  used  under  the  standard 
cement  specifications  recommended  by  the  Special  Committee  of 
the  American  Society  of  Civil  Engineers  on  Uniform  Tests  of 
Cement.     About  6  000  bbl.  were  required  for  the  entire  work. 

The  broken  stone  used  was  crushed  local  limestone,  the  speci- 
fications requiring  IJ  in.  as  the  largest  dimension.  The  sand  was 
also  a  local  material.  The  concrete  for  the  mass  work  of  the 
bridge  was  all  produced  by  a  Smith  mixer.  The  following  para- 
graphs from  the  specifications  show  the  character  of  the  concrete 
iised  for  all  portions  of  the  work: 

"The  concrete  for  all  blocks,  for  the  ribs  and  the  interior 
spandril  walls  above  them,  for  floor  and  sidewalk  plates,  for  the 
soffit  sheets,  and  for  the  railings,  and  for  all  copings  shall  be  formed 
of  such  portions  of  cement,  sand  and  gravel  or  broken  stone  as  will 
make  a  perfectly  solid  mass  with  a  little  surplus  of  cement  over 
that  required  to  fill  the  voids.  The  proportions  of  this  mixture 
will  be  about  equivalent  to  one  measure  of  cement,  two  measures 
of  sand,  and  four  measures  of  gravel  or  broken  stone. 

"The  concrete  for  the  hearting  of  the  piers,  for  the  footing 
courses,  and  for  other  similar  portions  of  the  work,  will  be  of  such 
composition  as  to  be  about  equivalent  to  one  measure  of  cement, 
three  measures  of  sand,  and  five  measures  of  broken  stone  or  gravel. 

"In  these  provisions  for  the  concrete  it  is  the  intention  to  take 
advantage  of  balanced  sand,  gravel  or  broken  stone,  i.  e.,  to  use 
varying  sizes  for  the  purpose  of  decreasing  the  voids  and  using 
less  cement  to  secure  the  best  results.  It  will  probably  be  necessary 
therefore  to  experiment  with  different  proportions  of  varying  sizes 
of  sand  and  gravel  or  broken  stone  in  order  to  ascertain  the  best 
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mixture  of  the-  available  materials   at  liaii<]   to  secul'e  the  desired 
^nds." 

The  concrete  of  the  blocks  was  composed  of  the  finer  portions 
of  the  crushed  material,  much  of  it — especially  the  exterior  portions 
— being  equivalent  to  about  2  to  1  mortar. 

Work  on  the  bridge  was  begun  on  May  4th,  1906,  and  all 
the  concrete  work  was  completed  on  January  8th,  1907,  the  total 
time  occupied  in  construction  being  8  months  and  4  days. 

The  total  cost  of  the  structure,  including  the  lamp-posts  and  the 
resident  engineering  organization,  was  about  $77  000.  about  $5  000 
of  this  amount  being  due  to  extra  labor  during  nights  and  Sundays. 
This  extra  cost  of  overtime  work  was  incurred  to  hasten  completion 
which  was  imperative  in  consequence  of  the  dangerous  condition 
of  the  old  wooden  bridge,  the  only  available  means  of  crossing  the 
river  at  this  point  prior  to  the  completion  of  the  new  structure.  A 
little  extra  expense  was  also  incurred  in  heating — by  use  of  sala- 
manders— various  portions  of  the  work  during  the  extremely  cold 
weather  of  the  six  weeks  prior  to  the  close  of  the  work.  Under  ordi- 
nary conditions,  therefore,  the  total  cost  of  the  bridge  would 
scarcely  have  exceeded  $72  000. 

The  method  of  casting  the  blocks  with  the  internal  openings, 
and  the  high  degree  of  efficiency  displayed  in  the  prosecution  of 
the  work,  were  both  due  to  the  Resident  Engineer,  IMr.  ^f.  O.  Kas- 
son,  who  was  continuously  engaged  on  il  from  the  beginning  to  the 
end  of  the  construction. 

The  entire  work  was  done  by  day  labor  under  the  charge  of  the 
resident   engineer. 

The  method  of  stiffening  the  ribs,  it  will  be  observed,  is  prac- 
tically the  Milan  system  of  construction,  and  it  was  used  under 
arrangement  with  the  Concrete-Steel  Engineering  Company,  of 
the  City  of  Xew  York,  which  company  owns  the  Milan  patents. 

The  river  bed  at  Sandy  Hill  is  practically  clean  rock  with  only 
a  little  detritus  on  its  surface.  During  the  summer  the  water 
is  shallow,  nowhere  exceeding  2  or  3  ft.  in  depth.  The  foundation 
masses  of  concrete  of  all  the  piers,  therefore,  could  be  put  in  place 
quickly  and  cheaply  within  simple  coffer-dams  involving  little 
time  or  cost.  To  this  condition  is  due  largely  the  comparatively 
short  time  required  for  the  construction  of  the  bridge  and  its  low 
cost. 
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Mr.  Price.  W.  G.  Price,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  wishes 
to  make  the  following  suggestions  as  to  a  form  of  dam  which 
might  be  used  to  close  the  outlet  of  the  Colorado  into  the  Salton 
Basin. 

Owing  to  the  rapidity  with  which  water  sometimes  cuts  the 
silt  deposit  from  iinder  a  dam,  it  is  not  safe  to  build  such  dams 
with  piling  or  with  piling  driven  through  a  single  thick  mattress. 
The  cutting  away  of  the  silt  below  the  mattress  will  usually  under- 
mine the  piling  and  cause  that  part  of  the  dam  which  is  supported 
by  piling  to  be  carried  away.  The  dam  must  be  built  so  that  the 
water  cannot  move  any  part  of  it  in  any  direction  except  vertically 
downward.  Such  a  dam  must  necessarily  be  built  wholly  of 
mattress  and  ballasted  with  rock,  one  mattress  on  top  of  another 
being  added  as  the  structure  settles,  until  the  water  can  move  it 
no  farther,  after  which  it  can  be  carried  to  the  desired  height. 
By  carrying  the  mattress  striicture  far  enough  into  and  on  top  of 
the  river  banks  to  prevent  the  water  from  cutting  around  it,  the 
work  can  be  completed  as  rapidly  as  may  be  convenient,  and  with- 
out fear  of  f aikire. 

For  closing  a  channel  of  a  river  of  the  size  and  velocity  of  the 
Colorado,   the  mattress   shotdd   be  not  less  than   2^   ft.   thick   and 

♦This  discussion  (of  the  paper  by  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedings for  February,  1907),  is  printed  in  Proceedings  in  order  that  the  views  ex- 
pressed may  be  brought  before  all  members  for  further  discussion. 
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consist  of  alternate  layers  of  brush,  the  laj^ers  being  laid  at  riglit  Mr.  Price, 
angles  to  each  other  and  with  such  distribution  as  to  form  pockets 
about  li  ft.  deep  to  hold  the  rock  ballast.  The  mattress  must  be 
bound  together  so  that  the  water  cannot  cause  it  to  fray  out  at 
the  down-stream  edge  and  go  to  pieces  stick  by  stick;  and,  where 
the  structure  is  to  be  permanent,  metal  must  not  be  used  for  a 
permanent  fastening  of  the  parts.  All  fastenings  must  be  of 
wood,  which  will  not  decay  under  water;  metal  fastenings  will 
be  cut  away  by  corrosion  and  by  the  impact  of  sand  particles. 
No.  10  steel  wires  laid  on  the  bottom  of  the  Upper  Mississippi 
River  by  the  writer  were  reduced  in  sectional  area  about  one-half 
in  10  weeks  by  water-driven  sand  striking  them.  The  wires  were 
taken  up  and  examined  every  day.  They  were  always  bright,  and 
showed  no  signs  of  corrosion.  The  velocity  of  the  water  was 
seldom  as  great  as  4  ft.  per  sec. 

In  building  the  sill  dams  in  the  Atchafalaya  River,  in  1887, 
to  limit  its  outlet  capacity  from  the  Mississippi  River,  the  writer 
used  a  crib  form  of  willow  mattress.  The  Atchafalaya  at  low 
water  usually  carries  all  the  Red  River  flow,  and  at  flood  time  its 
discharge  has  been  more  than  400  000  cu.  ft.  per  sec,  with  a  very 
high  velocity. 

The  foundation  for  these  dams  was  mostly  white  sea  sand  about 
80  ft.  in  depth.  The  foundation  mattress  was  304  ft.  long,  parallel 
to  the  river,  3  ft.  thick,  and  each  successive  mattress  had  a  shorter 
length.  The  dams  settled  many  feet  as  they  were  being  built  up, 
but  they  stopped  settling  before  they  were  finished,  and  they  have 
held  against  the  floods  of  the  Red  and  Mississippi  now  for  nine- 
teen years. 

The  writer  built  one  dam,  for  closing  a  chute  in  the  Missouri 
River,  on  a  foundation  of  very  fine  sand,  and  one  small  part  of  it 
settled  about  18  ft.  before  the  layers  of  mattress  could  be  carried 
above  the  water  surface.  A  dam  built  in  this  way  will  at  first 
permit  much  water  to  flow  through  it,  but  dead  leaves  and  other 
debris,  carried  by  the  river  at  flood  time  near  the  bottom,  will 
rapidly  choke  up  the  openings  between  the  willows. 

RuTGER  B.  Greex,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  Mr.  rireen. 
is  a  very  valuable  contribution,  as  it  gives  an  opportunity  to 
witness  more  geology  in  a  year  than  usually  occurs  in  an  epoch. 
It  is  to  be  hoped  that  the  author  will  contribute  other  papers  of 
this  kind,  for  when  the  immensity  of  the  general  situation  is 
considered,  it  seems  probable  that  the  future  may  direct  less 
scrutiny  to  the  builders  of  the  Imperial  Canal  and  more  to  the 
whole  problem. 

If  there  were  records  showing,  for  centuries  back,  the  efforts 
of  the  great  floods  of  this  water-shed  to  find  an  outlet  through  the 
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Ml-.  Green,  silt-clioklny  mouth  of  the  Colorado  River,  it  is  possible  that  they 
might  show  that  the  Imperial  Canal  merely  pricked  a  bubble  that 
was  ripe  to  burst,  and  it  is  well  that  the  present  difficulty  comes 
now  as  a  warning  instead  of  years  hence  when  the  damage  might 
be  a  hundred-fold  greater.  Geology  shows  that  at  least  once 
before  our  historic  period  the  Colorado  River  may  have  so  choked 
with  silt  its  outlet  at  the  sea  that  its  floods,  backing  up  under  the 
increased  friction,  filled  this  Salton  Sink  20  ft.  above  present 
sea  level,  and  then  under  the  increased  head  flushed  out  their 
outlet  to  the  Gulf  of  California.  Apparently,  this  present  Colorado 
Desert  may  have  acted  as  an  automatic  flush-tank  on  a  by-pass 
with  silt  valves. 

That  there  have  been  occasional  overflows  of  the  flood  waters 
of  the  river  into  this  basin  in  very  recent  years  would  indicate  a 
possibly  rising  river  level  and  gradually  approaching  danger.  Mr. 
Grunsky  states  that  small  channels,  cut  through  the  river's  bank 
by  recent  floods,  have  subsequently  choked  themselves  by  deposit- 
ing driftwood  and  silt  against  the  mass  of  vegetation  that  springs 
up  in  the  channels.  Admitting  that  Nature  has  apparently  done 
an  immense  amount  of  very  permanent  construction  in  just  this 
frail  temporary-looking  style,  still,  considering  the  power  of  the 
floods  and  the  quantity  of  silt  they  bring  dow'n  to  choke  their  sea 
outlet,  it  does  not  seem  impossible  that  in  this  particular  case  her 
work  was  not  intended  to  be  permanent,  and  that  the  present 
trouble  would  have  come  merely  a  little  later  if  the  Imperial 
Canal  had  not  been  cut. 

It  is  to  be  hoped  that  the  magnitude  of  the  interests  at  stake 
will  induce  the  United  States  Government,  either  with  or  without 
Mexican  aid,  to  make  systematic  records  and  studies  of  the  whole 
situation,  so  that  the  engineers'  of  the  future  may  have  suitable 
i;iformation  to  guide  them  in  the  work  that  evidently  lies  wait- 
ing for  them. 
Kr.  Dabuey.  T.  G.  Dabxey,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is 
<'xtremely  interesting  and  instructive.  The  complete  manner  in 
Avhich  the  entire  subject  has  been  presented  is  evidence  that  the 
futhor  was  thoroughly  equipped  for  the  task. 

It  appears  that,  on  Xovember  4th,  1906,  after  most  heroic 
efforts,  the  work  of  closing  the  outflow  from  the  Colorado  River 
v/as  accomplished,  which,  in  view"  of  the  difficulties  encountered, 
was  a  most  notable  achievement,  reflecting  great  credit  on  the  en- 
gineer who  directed  the  work. 

Some  brief  reflections  are  here  offered  on  the  cause  of  the 
failure  of  the  enterprise.  The  most  impressive  feature  is  the 
apparent  insignificance  of  the  agency  which  caused  such  a  great 
disaster,  reminding  one  of  the  fable  in  which  the  mouse  gnawed 
throua'h  the  cords  which  hound  the  lion. 
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It  Avoul.l  seem  that  the  integrity  of  the  main  structure  was  ch-  Mr.  Dabney. 
pendent  on  the  maintenance  of  a  comparatively  inconsiderable 
levee,  extending  above  and  below  the  dam  across  the  diversion 
channel.  The  height  of  the  levee  is  not  stated,  but  it  may  he 
inferred  that  it  was  not  great.  The  crown  width  was  10  ft.,_  with 
side  slopes  of  1  on  2.  On  the  Lower  Mississippi  Kiver  the  minimum 
levee  section  has  a  crown  width  of  8  ft.,  with  slopes  of  1  on  3. 

The  failure  of  the  levee  was  evidently  not  due  to  weakness  of 
structure,  as  the  depth  of  water  against  the  embankment  was  only 
:.:  ft.  The  disaster  was  caused  by  weakness  of  foundation,  which 
was  emphasized  by  a  borrow-pit  on  the  "land  side"  of  the  levee. 
The  depth  of  the  excavation  is  not  stated. 

It  appears  that  a  grave  error  was  made  in  excavating  for  ma- 
terial on  the  "land  side"  instead  of  on  the  "river  side"  of  the 
levee,  an  error  which,  doubtless,  was  recognized  by  the  engineer-m- 
charge  after  the  break. 

There  is   no   allusion   to   any  excavation  for   foundation   under 
the  levee,  and,  from  the  writer's  observations  of  methods  of  levee 
building    in    California,    it    is    probable   that    this   precaution    was 
omitted.    In  the  writer's  practice  in  levee  building,  such  an  excava- 
tion  is   deemed  indispensable.     It   is   called,   in   the   vernacular,   a 
"mnck  ditch,"  and  its  size  varies  somewhat  according  to  conditions, 
but  the  standard  section  is:  top  width,  12  ft.,  bottom  width,  8  ft., 
depth,   7..5   ft.     The  excavation  and  refilling  are  done  with  teams 
and  scrapers,  the  material  for  refilling  being  selected  where  prac- 
ticable.    Had   such   a   "muck  ditch"  been  excavated   and  carefully 
refilled,  and  had  the  borrow-pit  been  located  on  the  "river  side," 
is  it  not  probable  that  this  great  disaster  would  have  been  averted? 
There  is  no  information  as  to  whether  remedial  measures  were 
applied   after  the  weakness   of  the  levee   foundation   developed,  or 
whether    there   was    sufficient    time    for    such    application.      Fnder 
similar    circumstances,    along   the   Mississippi    levees,    the    readiest 
and  most  obvious  method  of  combating  such  danger  is  by  ponding 
water,  over  the  orifice  of  the  underground  flow,  by  a  ring  of  earth- 
filled '  sacks    surrounding    the    escaping    water.      In    this    way    the 
velocity  head  is  reduced,  and  the  displaced  material  is  prevented 
from  being  washed  away.     If  sacks  are  not  at  hand,  a  "hoop"  of 
earth  is  built,  with  a  spillway  of  boards. 

If  the  defective  region  is  too  extended  for  this  treatment  a 
dam,  or  "sub-levee,"  may  be  thrown  across  the  borrow-pit  on  either 
side' of  the  dangerous  locality,  with  perhaps  a  "curtain"  in  the 
rear  of  the  pit,  connecting  the  cross-levees  in  order  to  increase  the 
depth  of  the  ponded  water. 

Of  course,  in  the  case  under  discussion  it  is  conceivable  that 
the  action  of  the  destructive  agencies  may  have  been  too  precipi- 
tate to  admit  of  any  remedial  measure  being  taken,  and  it  seems 
probable  that  this  was  true. 
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H.  D.  Hess,  J.  E.  Greiner  and  Martin  Gay. 


Mr.  Uart.  C.  E.  Dart,  M.  Am.  Soc.  C.  E.  (by  letter). — For  several  years 
the  writer  has  been  connected  with  the  construction  of  bascule 
bridges  on  the  Chicago  Eiver,  and,  possibly,  a  few  notes  from  his 
experience  may  be  of  interest. 

The  question  of  the  best  tyi^e  of  bascule  bridge  will  not  be 
discussed,  the  subject  being  too  comprehensive  for  the  time 
available  and  too  dangerous  to  open.  It  will  suffice  to  say 
that  there  are  several  types,  patented  and  unpatented,  and  that  each 
is  the  very  best  and  cheapest.  The  variety  to  be  adopted  of  any 
type  (through,  half -through,  or  deck  trusses,  plate  girders  or  riveted 
trusses,  single  or  double  leaf,  etc.),  must  be  decided  in  accordance 
with  the  conditions  at  the  site.  The  single-leaf  bridge  is  preferable 
to  the  two-leaf  bridge,  when  practicable.  Counterweight  pits  be- 
low the  water  level  should  be  avoided,  if  possible,  but  when  they 
are  necessary,  as,  for  instance,  in  the  case  of  highway  spans,  the 
dirt  from  the  roadway  of  the  movable  leaf  should  not  be  dumped 
into  such  pits. 

Eegarding  the  balancing  of  bascule  leaves,  the  earlier  trunnion 
bridges  in  Chicago  were  designed  with  the  center  of  gravity  in 
fiont  of  and  above  the  trunnion,  necessitating  pneumatic  buffers  at 
each  end  of  the  travel.     According  to  the  later  practice,  the  leaves 

*This  discussion  (of  the  paper  by  C.  C.  Schneider,  Past-President,  Am.  Soc.  C.  E., 
printed  in  Proceedings  for  Febrnary,  1907),  is  printed  in  Proceedings  in  order  that  the 
views  expressed  may  be  brought  before  all  membsrs  for  further  discussion. 
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;n-(,'  halancod  as  accurately  as  possible,  so  that,  with  no  wind,  they  Mr.  Dart, 
are  stable  in  any  position.    Under  these  conditions,  wooden  Immpers 
iirc  used,  and  have  given  no  trouble. 

The  center  lock  now  used  for  two-leaf  spans  is  either  a  sliding 
bolt,  moved  by  a  motor  working  in  one  direction  only,  as  suggested 
by  the  author,  or  consists  of  rigid  tongues  interlocking  automatically 
f.s  the  leaves  close,  and  having  no  movable  parts. 

One  of  the  largest  items  of  maintenance  for  bascule  ])ridge3 
carrying  heavy  highway  traffic  is  the  cost  of  floors  on  the  movable 
leaves.  The  ideal  wearing  surface  would  be  a  3  or  3i-in.  creosoted 
wooden  block  pavement,  if  satisfactory  means  could  be  devised  for 
securing  such  a  pavement  in  place.  Several  designs  have  been 
submitted,  but  none  has  been  considered  worthy  of  trial.  Where 
the  traffic  is  light  and  the  wear  inappreciable,  oak  plank  is  probably 
the  most  suitable,  as  it  will  last  for  many  years,  when  ventilated 
and  drained  properly.  The  quality  of  oak  obtainable  is  rapidly 
growing  poorer,  however,  and  good  white  oak  is  becoming  more 
expensive  each  year.  The  City  of  Chicago  is  using,  with  consider- 
able success,  a  patented  jiavement  consisting  of  1-in.  elm  strips 
cm  edge,  dipped  in  asphaltum  and  bolted  together  into  sections 
containing  from  5  to  10  sq.  ft.  This  pavement  wears  well,  and, 
thus  far,  has  shown  little  tendency  to  decay. 

The  roadway  of  the  fixed  parts  of  a  bridge,  or  of  swing  bridges, 
does  not  present  such  a  difficult  problem,  as  the  engineer  may 
choose  from  a  number  of  well-tried  pavements. 

For  the  sidevv'alks  on  the  movable  leaves,  2  by  4-in.  hardwood 
Cmaple),  laid  with  ;l-iii.  to  g-in.  open  joints,  has  been  found  satis- 
factory. Where  navigation  traffic  is  large,  wooden  sidewalk  stringers 
should  be  preferred,  for,  when  struck  by  a  boat,  the  damage  or 
distortion  in  the  structure  will  be  confined  to  the  point  of  injury, 
and  can  be  repaired  by  carpenters  readily  and  quickly;  with  steel 
stringers,  several  panels  of  sidewalk  may  be  pulled  out  of  position, 
and  the  sidewalk  brackets  for  some  distance  away  may  be  bent. 

Many  specifications  are  lacking  in  definiteness  as  to  the  quality 
■of  the  lumber  desired.  The  old-time  requirement,  which  has  been 
copied  and  re-copied  for  years,  specifies  all  heart  lumber,  and  can  , 
no  longer  be  filled.  This  fact  should  be  recognized  by  naming  a 
definite  grade  of  lumber,  which  can  be  obtained  on  the  market,  in 
accordance  with  a  stated  well-known  commercial  inspection.  This 
is  but  fair  to  the  contractor,  as  it  gives  him  a  basis  for  estimating 
and  for  purchasing  his  material. 

Regarding  machinery,  one  of  the  writer's  greatest  troubles  has 
been  to  obtain  properly  fitted  keys.  The  impx'ession  seems  to  pre- 
vail, in  machine  shops  generally,  that  a  bridge  engineer  has  no 
idea  of  the  refinements  of  engine  and  machinery  practice,  and  that 
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Mr.  Dart,  almost  any  kind  of  workmanship  is  good  enough  for  a  bridge.  It 
seems,  also,  that  in  many  bridge  shops  it  is  absolutely  impossible  to 
obtain  accurate  work.  The  fitting  of  keys  is  always  a  slow  and 
laborious  task,  running  high  in  shop  cost,  and  it  will  be  slighted,  if 
not  carefully  watched.  Unless  keys  are  accurately  fitted  for  full  side 
bearing,  they  are  certain  to  work  loose. 

All  machinery  for  bridges  which  are  moved  fi'equently  should 
be  insjiected  daily,  and  all  keys  shoidd  be  tested  and  driven  tight 
when  necessary.  Neglect  of  this  precaiition  may  result  in  the  loss 
of  gears,  and  a  tie-up  of  the  bridge. 

In  the  design  of  machinery,  particular  stress  should  be  laid  on 
the  requirement  of  accessibility  for  inspection  and  repairs,  with 
especial  attention  to  the  matter  of  space  for  driving  and  tighten- 
ing the  keys  and  for  their  withdrawal  withovit  the  necessity  of 
removing  an  entire  shaft  with  its  gears.  It  would  hardly  seem 
necessary  to  caution  a  designer  on  this  point,  yet  it  is  one  which 
is  very  often  overlooked,  and  is  an  important  factor  in  the  expense 
of  machinery  maintenance. 

In  his  paragraph  on  toothed  gearing,  the  author  requires  that 
all  cast  pinions  shall  be  shrouded.  An  alternative  method  of  re- 
inforcing pinion  teeth  is  to  increase  the  face,  and,  in  most  cases, 
the  writer  considers  this  method  preferable,  as  cleaner  castings  can 
be  obtained  with  a  better  opportimity  for  examining  the  teeth  and 
chipping  them,  if  found  untrue.  The  teeth  of  .slow-moving  gears 
can  also  be  strengthened  by  reducing  their  height,  and.  in  the 
case  of  pinions  which  make  only  two  or  three  revohitions  during 
an  operation  of  the  bridge,  the  tooth  height  can  be  cut  down  to 
one-half  the  pitch,  since  the  wear  on  such  parts  is  inappreciable. 
Of  co\irse,  this  cannot  be  done  on  a  twelve-tooth-  pinion,  the  mini- 
nnmi  limit  set  by  the  author. 

It  is  the  writer's  practice,  and  a  practice  which  is,  he  believes, 
quite  general,  to  increase  the  thickness  of  the  teeth  of  pinions  en- 
gaging racks  at  the  expense  of  the  rack  teeth.  A  very  large  addi- 
tion to  the  strength  of  the  pinion  teeth  can  be  thus  obtained  and 
the  rack  teeth  will  still  be  the  stronger  of  the  two.  Breakage 
should,  of  course,  occur  in  the  pinion — the  part  most  easily  re- 
placed— rather  than  in  the  rack. 

A  minor  consideration  in  connection  with  the  machinery  is 
the  question  of  grease  cups.  Iron  cups  are  generally  preferable, 
as  brass  cups  are  a  great  temptation  to  thieves.  The  writer  knows 
of  no  iron  cup  on  the  market,  however,  which  is  fully  satisfactory. 
He  has  found  it  necessary  to  add  a  leather  packing  in  order  to 
prevent  the  escape  of  grease  around  the  plunger  of  the  cup. 

As  to  electrical  equipment:  In  the  author's  specifications  only 
direct-current  motors  are  considered,  whereas  it  is  often  found  that 
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only  alternating  current  is  available.  As  existing  alternating  Mr.  Dart, 
current  motors  are  deficient  in  starting  torque,  they  are  not  suit- 
able for  operating  structures  of  some  size,  and  it  is  to  be  hoped 
that  a  satisfactory  motor  will  soon  be  designed,  or  an  arrangement 
devised,  for  operating  with  these  motors.  The  writer  is  informed 
that  railroad  draw-spans  of  moderate  size  are  operated  in  this  way 
at  the  present  time,  but,  probably,  in  these  cases,  the  operations 
are  not  frequent.  When  two  motors  are  necessary,  the  difficulties 
are  increased,  as  induction  motors  cannot  be  operated  in  series. 

The  question  of  automatic  control  for  electrically-operated 
bascule  bridges  is  a  debatable  one.  It  is  practically  impossible  to 
make  the  control  absolutely  and  reliably  "fool-proof,"  as  contacts 
for  cut-outs  and  limit  switches  are  continually  getting  out  of  or- 
der, especially  if  exposed  more  or  less  to  the  weather.  If  the  con- 
tacts fail  only  once  a  year,  such  failure  may  result  seriously.  Any 
system  of  complete  automatic  control  will  lead  to  carelessness  on 
the  part  of  the  operator,  and  a  failure  of  any  of  the  complicated 
parts  of  such  control  to  act  might  cause  an  accident.  If  the  con- 
trol is  designed  so  that  the  bridge  will  not  operate  in  case  of  failure, 
the  structure  may  be  tied  up  at  the  busiest  time  of  the  day,  with  a 
possibility  of  damage  suits  on  account  of  delays  to  traffic.  The 
writer,  therefore,  does  not  advocate  full  automatic  control,  but  pre- 
fers a  simple  system  of  limit  switches  which  will  act  only  when  the 
safety  points  are  passed,  and,  having  acted,  require  some  extra 
work  on  the  part  of  the  operator  to  close  the  circuits. 

For  bascule  bridges  with  two  leaves,  it  is  a  wise  provision  to 
have  the  submarine  positive-power  cables  in  duplicate,  but  with 
only  one  return  cable.  Of  course,  it  is  also  advisable,  where  possi- 
ble, to  have  two  independent  sources  of  power,  with  the  wiring 
arranged  so  that  both  leaves  can  be  operated  with  current  from 
either  source.  The  not  infrequent  interruptions  of  -power  in  some 
localities  often  make  such  an  arrangement  imperative. 

In  specifying  cables,  the  exact  size  required  should  be  stated, 
as  there  seems  to  be  a  wide  difference  in  contractors'  figures  as  to 
their  carrying  capacity.  The  least  that  should  be  done  is  to  men- 
tion some  definite  code  or  wire  tables,  but  an  exact  specification  of 
size  will  save  many  disputes  between  the  contractor  and  the  en- 
gineer. 

In  the  paragraph  referring  to  safety  gates,  such  gates  are  called 
for  in  bridges  which  leave  an  opening  in  the  floor  when  the  bridge 
is  open  for  navigation.  In  cities  with  heavy  street  traffic  across 
a  bridge,  gates  should  always  be  provided  for  the  purpose  of  stop- 
ping the  traffic,  and  they  should  most  certainly  be  provided  where 
an  opening  in  the  floor  occurs  during  the  operation,  even  if  such 
opening  is  closed  by  the  leaf  when  in  its  extreme  raised  position. 
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Mr.  Dart.  Gates  should  be  arranged  so  that  each  one  can  be  operated  in- 
dependently of  the  other,  and  in  any  order  desired,  and  in  no  case 
should  they  be  operated  automatically  by  the  movement  of  the 
bridge. 

The  writer  desires  to  give  credit  to  the  Bridge  Department  of 
the  City  of  Chicago  for  many  of  the  ideas  here  advanced,  as  it  is 
through  the  operation  of  the  bridges  by  the  city  that  such  ideas 
have  been  developed. 
Mr.  Worcester.  J.  E.  WORCESTER,  M.  Am.  Soc.  C.  E.  (by  letter)  .^This  paper  is 
so  comprehensive  that  it  would  be  surprising  if  a  few  inaccuracies 
had  not  crept  in,  and  it  is  to  be  expected  that  there  will  be  many 
differences  of  opinion  in  minor  particulars.  It  is  much  easier  to 
criticise  than  to  construct,  and  the  presentation  of  such  a  complete 
treatise  on  the  subject  affords  the  Society  an  invaluable  oppor- 
tunity to  collate  all  the  divergent  ideas  of  its  members.  With  this 
end  in  view,  the  writer  submits  the  following  suggestions : 

In  speaking  of  jack-knife  draws,  the  author  says :  "When  the 
bridge  is  closed,  one  end  of  each  girder  rests  on  the  shoe  at  the 
abutment,  while  the  other  end  rests  on  the  pivot."  This  is  not 
usually  the  way  these  bridges  have  been  built  in  the  vicinity  of 
Boston,  where  many  have  been  used  for  the  last  half  century.  Al- 
though the  type  has  the  manifest  objection  that  no  ties  can  be  used 
under  the  rail,  it  has  been  used  so  extensively,  and — as  far  as  the 
writer  knows — with  no  accident  due  to  this  lack  of  ties,  that,  per- 
haps, it  deserves  a  more  complete  description. 

The  regular  form  consists  of  a  deck  truss  under  each  rail, 
one  or  more  needle-beams  under  the  trusses  near  the  free  end,  and 
a  gallows-frame  located  over  the  pivots,  braced  and  anchored  back 
on  the  shore,  to  which  the  ends  of  the  needle-beam  are  connected 
by  cables.  The  trusses  are  generally  in  the  form  of  wooden  Howe 
trusses  with  unusually  wide  chords,  but,  in  a  few  instances,  steel 
Warren  trusses  have  been  used.  The  trusses  are  of  unequal 
lengths,  with  the  pivots  at  different  distances  from  the  face  of  the 
abutment,  so  that,  when  the  bridge  is  opened,  the  trusses  will  lie 
side  by  side  over  the  abutment,  the  shortest  being  next  to  the  abut- 
ment and  the  longest  against  the  parapet.  When  the  bridge  is 
closed,  the  trusses  are  arranged  to  bear  not  only  upon  the  pivot 
and  the  opposite  abutment,  but  intermediate  support  is  obtained 
at  the  face  of  the  abutment  upon  which  the  pivots  are  located. 

The  needle-beams  are  hinged  to  the  trusses  by  vertical  pins  at 
equal  distances  from  the  pivots,  and  hence  are  not  parallel  to  the 
abutments.  They  are  long  enough  so  that  the  cables  attached  to 
their  ends  will  give  a  proper  clearance  for  the  train,  and  strong 
enough  to  carry  the  dead  weight  of  the  bridge. 

The  cables  at  their  upper  ends  are  connected  to  the  short  ends 
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of  the  levers  hinged  on  the  gallows-frame,  and  arranged  so  that,  Mr.  Worcester. 
by  pulling  down  the  long  end,  the  bridge  is  raised  from  the  abut- 
ments. The  connections  between  the  cables  and  the  levers  are  in 
the  same  vertical  plane  with  the  pivots,  and  spaced  so  that  the 
cables  lie  in  vertical  planes.  In  fact,  all  the  vertical  hinge  joints 
are  carefully  placed  to  produce  parallel  motions  of  all  parts.  The 
most  difficult  parts  to  arrange  for  this  parallel  motion  are  the  ties 
between  the  trusses.  These  must  be  hinged  on  the  center  line  of  the 
truss,  and,  in  order  to  allow  the  necessary  swing  for  the  ties  so 
that  the  trusses  may  be  closed  up  together,  the  ties  have  to  be 
made  with  bent  ends — S  -shaped — which,  of  course,  seriously  affects 
their  strength. 

The  bridges  are  usually  operated  by  a  straight  rack  attached 
to  an  arm,  hinged  to  the  bottom  chord  of  the  longest  truss  and 
carried  past  a  pinion  on  a  vertical  axis  placed  on  the  abutment. 

The  writer  cannot  agree  with  the  author's  recommendation,  in 
the  paragraph  on  "Rack  and  Track,"  that  in  any  case  the  rack  and 
track  "shall  preferably  be  cast  in  one  piece."  The  rack  is  much 
more  likely  to  be  injured  accidentally  than  the  track,  and  should 
always  be  arranged  so  that  a  segment  can  be  replaced  without 
disturbing  the  track.  Should  not  the  specifications  also  provide 
that  the  patterns  for  special  gearing,  such  as  racks,  should  be  fur- 
nished with  the  bridge,  so  that  broken  parts  can  be  easily  replaced? 

An  important  provision  with  regard  to  bascule  bridges  when  in 
two  leaves,  is  that  the  ends  shall  be  provided  with  latches  of  suffi- 
cient strength  to  transmit  enough  shear  from  either  leaf  to  the 
other  in  order  to  equalize  the  deflection  under  any  condition  of 
loading.  This  provision  might  well  be  introduced  in  the  paragraph 
on  "Bascule  and  Lift  Bridges." 

Albert  Henry  Smith,  Assoc.  M.  Am.  See.  C.  E.  (by  letter). —  Mr.  Smith. 
The  presentation  of  this  interesting  subject  by  Mr.  Schneider  will,  no 
doubt,  be  fruitful  of  much  additional  information. 

It  is  a  pleasure  to  read  a  set  of  specifications  which  covers  the 
subject  so  completely  and  in  such  a  satisfactory  manner.  The 
writer  respectfully  wishes  to  confirm  and  add  to  some  of  the  data 
presented,  and  will  class  his  remarks  under  the  several  headings 
given  in  the  paper. 

SelecfAon  of  Design. — The  writer  believes  that,  like  many  an- 
other new  idea,  the  bascule  idea  is  and  has  been  overworked,  and 
that  such  bridges  are  frequently  built  where  they  are  not  needed, 
thus  causing  an  excessive  first  cost  and  high  operating  charges. 

In  addition  to  the  three  conditions  mentioned  by  the  author 
as  precluding  the  use  of  a  swing  bridge,  the  following  two  condi- 
tions should  cause  the  consideration  of  a  bascule  bridge: 

1. — If  the  protection  pier  of  a  proposed  swing  bridge  will  render 
valuable  dock  property  useless; 
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Mr.  Smith.  2. — If  the  bridge  is  to  be  located  where  the  traffic  over  it  is 
very  heavy,  and  the  bridge  has  to  be  opened  very  often,  say  more 
than  twenty-five  times  a  day. 

This  second  condition  may  be  very  important,  on  account  of 
the  time  saved  in  operating  a  bascule  as  compared  with  a  swing. 

Bim  versus  Center-Bearing  Types. — The  points  in  favor  of  the 
center-bearing  bridge  are  all  well  taken,  and  are  borne  out  by  the 
writer's   experience. 

Until  recently,  the  bridge  designers  of  the  Middle  States  have 
given  the  rim-bearing  type  the  preference.  Ten  years  ago,  in 
Cleveland,  Toledo  and  Chicago,  there  were  very  few  center-bearing 
bridges.  Since  that  date  the  bridges  built  in  these  places  have 
been  of  the  center-bearing,  combined  rim  and  center-bearing,  and 
bascule  types. 

The  only  objectionable  member  in  a  center-bearing  bridge, 
from  the  shop  superintendent's  point  of  view,  is  the  center  or  pivot 
casting.  This,  for  bridges  approaching  1 000  tons  in  weight,  be- 
comes quite  large  in  diameter,  and  somewhat  difficult  to  machine. 

In  the  rim-bearing  type,  if  designed  in  accordance  with  good 
practice,  it  usually  works  out  that  the  number  of  rollers  required 
is  about  as  many  as  can  be  placed  under  the  drum. 

The  matter  of  using  plenty  of  rollers  is  an  important  one. 
In  very  few  bridges  of  this  type  do  all  the  rollers  carry  their 
proper  share  of  the  load,  and  the  writer  has  seen  many  of  these 
bridges  in  which  not  more  than  two-thirds  of  the  rollers  were  carry- 
ing any  load,  the  remainder  not  being  in  contact  with  the  drum 
at  all,  and  sometimes  three  or  four  consecutive  rollers  being  entirely 
free. 

It  is  a  very  difficult  matter  to  get  truly  conical  surfaces  for 
faces  or  treads  for  the  drum  and  the  track,  and  equally  difficult 
to  get  the  bottom  track  properly  set  in  the  field.  In  such  cases, 
everything  is  in  favor  of  the  single  pivot;  it  is  machined  as  a 
unit  and  erected  as  a  unit,  and  there  is  but  one  place  for  the  load 
to  go. 

The  working  loose  of  center  pivots  of  partly  rim-bearing  swing 
bridges  is  quite  common.  Of  the  two  methods  suggested  for  pre- 
venting this,  the  writer  prefers  the  second — that  of  rigidly  con' 
necting  the  center  to  the  circular  track  by  radial  struts.  This  not 
only  assures  a  rigid  pedestal,  but  is  an  aid  to  the  erection  in  getting 
the  track  circular  and  concentric  with  the  center  pivot. 

The  combined  rim  and  center-bearing  type  costs  more  than 
the  purely  rim-bearing  type,  due  to  the  increased  cost  of  the  pivot, 
radial  girders  and  transverse  girders,  and,  aside  from  the  point 
in  its  favor  of  fixing  the  center  pivot,  has  nothing  in  particular 
to  commend  it.  The  detail  suggested  for  the  live-ring  is  a  good 
one. 
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Of  the  thousand  and  one  devices  used  for  end  lifts,  the  wedge  Mr.  Smith. 
is  by  far  the  most  reasonable  and  satisfactory.     The  proper  shap- 
ing of  the  wedge  and  its  seat  provides  a  most  satisfactory  means 
of  bringing  the  bridge  into  alignment  and  keeping  it  there,  inde- 
pendent of  the  latch-pin. 

Power  Required  to  Operate  Movable  Bridges. — For  mechani- 
cally-operated bridges,  a  safe  rule  for  the  amount  of  power  is  to 
allow  1  h.  p.  for  each  15  tons  of  weight  to  be  swung.  This  pro- 
vides ample  margin  for  taking  care  of  excessive  wind  pressures, 
and  gives  plenty  of  power  to  open  and  close  the  bridge  rapidly. 
For  bridges  of  300-ft.  span,  the  gear  ratios  should  be  such  that  the 
bridge  can  be  opened  in  1  min.  from  the  time  the  ends  are  un- 
latched and  released. 

The  foregoing  rule  has  been  checked  repeatedly  by  ammeter 
readings  taken  on  electrically  operated  bridges,  the  swinging 
weights  of  which  have  varied  from  300  to  1 000  tons.  Readings 
on  these  bridges  show  a  power  reserve  sufficient  for  all  possible 
contingencies.  It  is  usually  desirable  to  open  and  close  a  bridge 
v^'ith  as  little  delay  as  possible,  and  this  can  only  be  done  by  having 
ample  power  to  furnish  a  heavy  starting  torque. 

The  effect  of  wind  pressure  on  an  equal-armed  swing  bridge 
has  often  been  observed  by  the  writer.  Both  observations  and 
tests  confirm  Mr.  Schneider's  statement,  that  it  may  take  twice 
as  much  power  to  operate  a  bridge  on  a  windy  day  as  in  calm 
weather. 

Concerning  the  use  of  a  brake  on  electrically  operated  bridges, 
the  writer  has  always  made  this  a  part  of  the  equipment,  and  he 
has  noted  that  the  bridge  operator  always  uses  it  to  check  and 
control  the  speed  of  the  bridge  when  the  current  is  cut  out,  it 
being  a  great  aid  in  stopping  the  bridge  exactly  at  the  latching 
point.  This  brake  is  attached  to  a  shaft,  as  close  to  the  motor  as 
possible,  and  is  arranged  so  that  it  is  applied  by  means  of  an 
adjustable  weight  which  is  controlled  by  a  foot-lever,  the  object 
being  to  prevent  the  operator  from  setting  up  the  brake  so  hard 
as  to  wreck  the  machinery.  The  connection  between  the  foot-lever 
and  the  brake  weight  can  usually  be  made  by  the  use  of  flexible 
wire  rope  and  pulleys. 

The  writer  prefers  the  electric  motor  to  the  steam  or  gas  en- 
gine, if  a  reliable  source  of  electric  current  is  obtainable.  If 
possible,  current  should  be  brought  to  the  switch-board  from  two 
independent  lines  or  sources,  so  that  in  case  one  line  is  dead,  the 
other  will  be  available,  the  chances  of  both  lines  being  dead  at  the 
same  time  being  very  small. 

If  the  bridge  is  operated  very  frequently,  the  electric  equip- 
ment should  be  in  duplicate.     Each  motor  should  be  operated  by 


414  DISCUSSION   ON   MOVABLE  BRIDGES  [Papers. 

Mr.  Smith,  its  own  controller,  or  both  motors  by  one  series  parallel  controller, 
each  motor  being  of  sufficient  capacity  to  handle  the  bridge  inde- 
pendently of  the  other.  With  this  arrangement,  the  possibility 
of  not  being  able  to  operate  the  bridge  at  any  time  is  very  remote. 

The  writer  has  in  mind  an  electrically-operated  bridge  with 
but  one  source  of  electric  current.  The  current  failed  just  as  the 
operator  was  opening  the  bridge,  and  the  bridge  and  piers  were 
damaged  seriously  by  the  approaching  vessel.  It  was  at  first  proposed 
to  remedy  this  by  installing  on  the  bridge  a  storage  battery  of 
sufficient  capacity  to  operate  it  three  or  four  times.  This  was  not 
done,  but  connection  was  made  to  an  independent  line. 

One  point  of  design  is  frequently  overlooked,  or  not  properly 
taken  care  of,  and  that  is  the  brackets  and  bearings  for  the  rack 
pinion  shaft.  Usually,  these  brackets  and  bearings  are  made  en- 
tirely too  light.  An  examination  of  about  40  swing  bridges,  a  few 
years  ago,  showed  that  repairs  and  reinforcement-  had  been  made 
at  this  point  on  nearly  every  one.  This  is  particularly  true  of 
power-operated  bridges.  These  brackets  and  bearings  should  be 
designed,  not  simply  strong  enough  to  withstand  the  strain  due  to 
opening  the  bridge,  but  to  withstand  the  maximum  possible  torque 
that  the  motor,  engine,  or  brake  can  develop.  The  brackets  should 
preferably  be  steel  castings,  cast  in  one  piece. 

For  bridges  operated  by  hand  power,  it  usually  develops  that 
one  man,  using  a  force  of  40  lb.  on  the  hand-lever  and  moving  at 
the  rate  of  200  ft.  per  min.,  can  swing  150  tons  of  bridge  through 
90°  in  5  min.  Hand-operated  bridges  rarely  weigh  more  than  300 
or  400  tons,  and  two  men  can  open  such  a  bridge  in  5  or  6  min. 
Tests  made  on  rim-bearing  bridges  of  the  poorest  design  confirm 
the  statement  that  this  amount  of  power  is  ample. 

Concerning  the  amount  of  power  to  be  assumed  in  calculating 
the  strength  of  gearing,  the  writer  would  suggest  that,  in  addition 
to  the  power  of  one  man  being  taken  at  125  lb.,  one  should  multiply 
that  weight  by  a  number  equal  to  as  many  men  as  it  is  possible 
to  place  at  the  hand-lever. 

The  writer  has  seen  pinions,  amply  strong  enough  to  swing 
the  bridge,  have  their  teeth  all  stripped  from  them  when  the  first 
attempt  was  made  to  open  the  bridge  in  the  spring.  The  bridge 
would  not  move,  and  additional  men  were  asked  to  lend  a  hand 
until  something  did  move. 

Materials. — It  is  noted  that  cast  steel  may  be  vised  for  wedge 
bearings,  and  that  steel  on  steel  for  sliding  surfaces  is  not  to  be 
desired.  Has  anyone  ever  had  any  trouble  with  cast  iron  sliding 
on  cast  steel,  when  used  for  wedge  surfaces? 

It  is  noted  that  Mr.  Schneider  has  a  strong  objection  to  the 
use  of  bevel  gearing,   and  the  writer  hopes  that  additional  infor- 
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ination  will   be  given.     He  has  never  had  any  trouble  with  cast  Mf.  smith, 
bevel  gears,  except  where  the  ratio  between  the  pinion  and  gear 
was  unusually  large. 

H.   D.   Hess,*  Esq.    (by  letter). — The  very  general  acceptance  Mr.  Hess, 
of  Mr.   Wilfred   Lewis'   discussion  of  the  strength  of  gear  teetht 
would  make  the  adoption  of  his  formula  seem  desirable  in  speci- 
fications like  Mr.  Schneider's, 

Bach's  formula  applies  correctly  only  to  the  discussion  of 
pinions  with  from  10  to  12  teeth,  while  Mr.  Lewis'  formula  ap- 
plies, with  equal  accuracy,  to  gears  with  any  number  of  teeth. 
Where  the  gear  ratio  is  considerable,  and  an  analysis  of  the  pinion 
tooth  only  is  required,  Bach's  formula  is  all  that  can  be  desired; 
on  the  other  hand,  when  an  analysis  of  the  gear  tooth  is  required, 
as,  for  instance,  with  a  shrouded  pinion,  or  where  the  pinion  and 
the  gear  are  of  different  materials,  or  where  the  pinion  has  a  large 
number  of  teeth,  then  Bach's  formula  fails. 

Mr.  Lewis'  formula,  when  applied  to  15°  involute  teeth,  is  of 
the   same    form    as    that   given    in    the    specifications,    except   that 

y  =    (  0.124 '——  j  ,  where  n  is  the  number  of  teeth  on  the  pinion 

or  gear  under  consideration. 

The  fiber  stress  is  reduced  as  the  speed  of  the  gears  increases; 
Mr.  Lewis  recommends  that  the  fiber  stress  be  reduced  according 

/^      600     \ 
to  the  formula,  \nr.r.    i    y)  ,  where  V  is  the  linear  velocity,  at  the 

pitch  circle,  in  feet  per  minute.     This  is  in  close  accord  with  the 

10 
factor  given  in  the  specifications,  — t^. 

V  V 

In  general,  for  "cut"  gears,  the  pressure  can  be  assumed  as 
distributed  over  the  entire  width  of  the  tooth.  Cast  gears  and 
"cut"  gears  in  which  the  support  is  likely  to  be  deflected  suffi- 
ciently to  cause  the  tooth  pressure  to  act  at  the  corners,  should 
be  limited  to  a  face  width  of  from  one  and  one-half  to  two  times 
the  circular  pitch. 

J.  E.  Greiner,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  re- Mr.  Greiner. 
cently  had  occasion  to  make  some  tests  on  the  power  required  to 
operate    a   double-track    swing   bridge,    and   submits   herewith   the 
data    and    results    as    a    contribution    to    the    discussion    of    Mr. 
Schneider's  most  excellent  paper. 

The  bridge  tested  was  the  Baltimore  and  Ohio  Railroad  double- 
track  swing  bridge  crossing  the  Calumet  River,  at  Chicago,  111. 

Total   length    250  ft. 

Width,  from  center  to  center  of  trusses.     28    " 

*  Assistant  Professor  of  Machine  Design,  Cornell  University. 
t  Proceedings,  Engineers'  Club  of  Philadelphia,  1893,  p.  16. 
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Mr.  Greiner.  Angle 90  degrees. 

Pitch  diameter  of  rack 34  ft.  2  in. 

Center   pivot — diameter   of   disk 2  ft.  0  in. 

Total  load  on  pivot — bridge  swinging ...    1  240  000  lb. 

Operating  Power.... Two  50  h.  p.  General  Electric 
motors,  Class  57;  efficiency, 
85% ;  rated  speed,  470  rev.  per 
min. ;    500    volts,    direct-current. 

The  bridge  revolves  on  a  center  pivot  which  carries  the  entire 
dead  load.  When  under  traffic,  the  load  on  the  center  pivot  is 
partially  relieved  by  a  wedge  arrangement  which  supports  the  center 
cross-girders.  The  ends  of  the  bridge  are  raised  by  jacks  instead 
of  wedges,  these  jacks  being  operated  by  toggles  arranged  so  as  to 
convert  a  horizontal  motion  to  a  direct  vertical  lift. 

The  tests,  which  were  personally  conducted  by  W.  E,.  Edwards, 
Assoc.  M.  Am.  Soc.  C.  E.,  were  made  on  Eebruary  20th  and  21st, 
1907,  the  temperature  ranging  from  18  to  35°  fahr.  The  results 
of  these  tests,  as  given  herein,  are  averages  of  from  four  to  six 
operations,  and  show  the  indicated  horse-power  determined  by 
simultaneous  readings  of  the  volt  meter  and  ammeter.  The  entire 
current  passed  through  the  ammeter  before  being  divided  for  the 
two  motors,  so  that  this  reading  gives  the  indicated  horse-power, 
whether  one  motor  or  both  were  used.  As  many  readings  as  pos- 
sible were  taken  during  each  operation,  and  the  results  of  these 
readings  were  averaged.  The  readings  were  taken  in  swinging 
the  bridge  through  an  arc  of  90°,  from  the  instant  of  starting  to 
the  instant  of  stopping. 

The  following  is  the  time  required : 

xicceleration     20  sec. 

Uniform   movement    40     " 

Retardation 15     " 

The  acceleration  took  place  almost  uniformly  in  an  arc  of  10° ; 
the  uniform  motion  was  through  an  arc  of  almost  70° ;  the  retarda- 
tion took  place  in  from  5  to  10  degrees. 

The  average  indicated  horse-power  required  to  swing  the  bridge, 
open  and  closed,  was : 

During  acceleration    44.9 

During   uniform   motion 35.6 

The  retardation  was  accomplished  by  shutting  off  the  current  and 

applying  the  brake. 

As  the  efficiency  of  the  type  of  motor  used  is  about  85%,  the 

average  effective  horse-power  for  swinging  the  bridge  was : 

During   acceleration    38.17 

During   uniform    motion 30.3 
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Martin  Gay,  M.  Am.  Soc.  C.  E.   (by  letter). — In  the  hope  of  Mr.  oav. 
■contributing  something  useful   on  the  subject   of  Mr.   Schneider's 
very  valuable  paper,  the  writer  feels  moved  to  offer  some  observations 
from  the  point  of  view  of  an  engineer  who  has  been  charged  with 
maintaining,  for  some  years,  a  number  of  heavy  swing  bridges. 

He  has  been  particularly  impressed  by  the  fact  that  economy 
in  first  cost  adds  greatly  to  the  expense  of  maintenance — economy, 
not  only  in  workmanship  but  in  material — and  he  ventures  to 
submit  that,  however  praiseworthy  efforts  in  that  direction  may  be, 
and  however  great  the  pleasure  an  engineer  may  take  in  the  nice 
proportioning  of  the  members  of  a  structure  to  their  work,  such 
•efforts  are  misplaced  in  the  design  of  a  moving  bridge.  The  more 
rigid  and  unyielding  the  base,  as  well  as  the  moving  parts,  of  a 
-turn-table,  the  easier  and  cheaper  will  be  its  maintenance. 

The  proper  preparation  of  the  top  of  the  pivot  pier  under  the 
track  is  not  an  expensive  matter.  It  can  be  bush-hammered  to  such 
a  level  surface  that  the  bed-plates  will  have  practically  perfect 
■contact  with  the  stone.  The  bed-plates  should  be  planed  on  top  and 
bottom  to  parallel  surfaces,  and  both  surfaces  of  the  wheel  treads 
should  be  machined  accurately. 

A  heavy  cover-plate  on  the  lower  flange  of  the  drum,  breaking 
joint  with  the  flange  angles  and  with  the  segments  of  the  upper 
wheel  ti'ead,  while  offering  some  difficulties  in  construction,  will  add 
very  much  to  the  stiffness  of  the  tread. 

It  is  a  very  common  practice  to  make  up  the  joints  in  the  base 
of  a  turn-table  with  shims,  red  lead,  or  some  kind  of  cement,  which 
will  eventually  work  out.  This  should  not  be  tolerated,  as  the 
necessity  for  it  is  evidence  of  bad  workmanship  which  a  proper 
shop  inspection  would  have  detected.  The  members  should  fit  ac- 
curately, metal  on  stone  and  metal  on  metal,  without  the  inter- 
position of  any  filling. 

As  it  is  not  in  the  skill  of  man  to  make  an  absolutely  perfect 
machine,  it  is  probable  that  no  rim-bearing  bridge  has  been  built 
in  which  every  wheel  carries  its  full  share  of  the  load  at  all  times, 
and  it  happens  frequently  that  several  wheels  together  carry  no 
Ifiad.  Therefore  the  drum  should  be  very  stiff.  Of  course,  it  will 
be  as  high  as  conditions  permit,  and  it  may  be  advisable  to  space 
the  web  stiffeners  much  closer  than  is  usual  in  fixed  plate  girders. 
The  drum  should  also  be  thoroughly  braced  against  deformation, 
hj  struts  radiating  from  the  pivot. 

Embedding  the  center  casting  in  concrete  does  certainly  inter- 
fere with  its  moving  on  its  base,  but,  as  Mr.  Schneider  remarks, 
^'it  does  not  prevent  the  pushing,  pulling  and  wearing  around  the 
collar  of  the  pivot,"  nor  does  it  prevent  the  overturning  of  the 
casting,  if  the  drum  has  a  tendency  to  eccentric  movement. 
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Mr.  Gay.  Of  course,  the  center  casting  should  be  secured  in  place  by 
bolts,  concrete  or  any  other  means  available,  but  the  best  insurance 
against  its  movement,  and  the  eccentric  motion  of  the  bridge,  with 
attendant  damage  to  the  turn-table,  is  a  substantial,  well-designed 
live-ring  system,  of  the  best  workmanship.  It  should  be  built  on 
the  lines  indicated  in  the  paper,  and  should  be  so  well  braced  and 
rigid,  that,  if  a  wheel  or  series  of  wheels,  through  maladjustment 
or  accident,  tends  to  roll  out  of  the  true  orbit,  it  will  not  be  able 
to  deform  the  ring,  6r  leave  its  proper  position  on  the  track. 

One  of  the  most  frequent,  annoying,  and  sometimes  expensive 
repairs  is  made  necessary  by  the  inadequate  fastening  of  the  pinion 
bracket  to  the  drum.  The  bracket  itself  should  be  more  massive 
than  may  appear  necessary  to  the  draftsman  at  his  table,  and,  in 
the  opinion  of  the  writer,  should  be  built  up  of  striictural  shapes 
rather  than  cast  from  iron  or  steel.  It  should  be  strongly  fastened, 
by  rivets  if  possible,  and  further  secured  by  long  horizontal  brackets 
attached  to  the  lower  flange  of  the  drum.  The  pillow-blocks  and 
caps  should  be  fastened  with  steel  bolts,  turned  to  a  driving  fit, 
in  reamed  holes.  These  remarks  on  the  inadequate  fastening  of 
pinion  brackets  apply  to  center-bearing  bridges  also,  the  writer 
having  had  trouble  of  this  nature  with  one  recently  built. 

It  is  with  diffidence  that  the  writer  ventures  to  disagree  with 
Mr.  Schneider  even  on  the  comparatively  unimportant  matter  of 
shaft  couplings.  The  arguments  in  favor  of  loose  couplings  are 
sound,  and  yet,  on  a  number  of  bridges  of  varying  lengths  and 
construction,  up  to  a  pin-connected  span  of  400  ft.,  no  trouble  has 
been  experienced  with  rigid  flanged  couplings;  whereas,  with  claw 
couplings,  there  is  some  lost  motion,  there  is  usually  a  disagree- 
able chatter,  and  they  have  been  known  to  fail.  In  fact,  the  writer 
usually  keeps  on  hand  a  few  flanged  couplings  with  which  to  re- 
place the  claw  couplings  when  necessary. 

Another  matter,  quite  unimportant,  until  viewed  as  a  very  fre- 
quent item  of  repairs,  is  the  securing  of  gears,  couplings  and 
collars  to  the  shafting  with  keys  and  set-screws.  What  virtue  there 
is  in  placing  keys  and  set-screws  at  an  angle  of  120°  with  each 
other  is  not  apparent,  but,  if  there  is  any  advantage  in  that  position, 
it  should  be  known,  and  will  undoubtedly  be  adopted;  but,  until 
the  superiority  of  120°  over  90°  is  made  clear,  it  is  probable  that 
engineers  will  adhere  to  the  old,  well-established  practice,  sanctioned 
by  experience. 
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F.  Lavis,  M.  Am.  Soc.  C.  E. — The  importance  and  timeliness  of  Mr.  Lavis. 
this  paper,  and  the  necessity  of  such  uniformity  in  specifications 
and  contracts  as  is  possible  under  the  varying  conditions  met  in 
this  class  of  work,  can  hardly  be  over-estimated,  in  view  of  the 
large  interests  involved,  and  the  very  divergent  opinions  held  by 
engineers;  to  say  nothing  of  the  ignorance  often  displayed,  not 
only  by  young  engineers,  who,  working  for  salaries  of  $90  and  $100 
per  month,  have  the  responsibility  of  deciding  questions  of  classi- 
fication involving  many  thousands  of  dollars,  but  also  by  those 
higher  up,  who  blindly  copy  specifications  and  contracts,  no  mat- 
ter by  whom  they  were  written  or  what  conditions  were  originally 
intended  to  be  covered,  and  containing  provisions  which  have  been 
the  cause  of  endless  trouble  both  in  and  out  of  the  courts. 

The  speaker  is  obliged  to  differ  from  the  author,  however,  as  to 
his  final  conclusion  that  a  contract  providing  for  classification, 
which  is  properly  written,  would  be  productive  of  better  results  than 
one  under  which  a  straight  price  is  bid  for  all  material  excavated. 
Under  this  latter  condition,  however,  there  would  possibly  be  cases 

*  Continued  from  March,  1907,  Proceedings. 
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Mr.  Lavis.  where  it  might  be  advantageous  to  ask  for  separate  bids  on 
different  sections  of  a  long  line  where  conditions  might  vary  so 
much  as  to  seem  to  warrant  it,  and  also,  of  course,  a  separate  price 
for  foundation  excavation  both  above  and  below  water. 

The  author  admits  that  under  present  conditions,  the  no-classi- 
fication principle  is  rapidly  coming  into  favor,  but  claims  that  in 
such  cases  engineers  do  not  furnish  sufficient  information  on  which 
bids  can  be  properly  based.  The  argument,  therefore,  lies  between 
the  two  alternatives:  Whether  it  is  better  for  the  railroads  to  fur- 
nish the  contractor  with  full,  reliable  information  in  regard  to  the 
work,  and  do  away  with  classification,  or,  whether  an  attempt 
should  be  made  to  frame  a  specification  which  will  eliminate  all 
disputes.  In  view  of  the  fact  that  even  engineers  are  not  always 
infallible,  and  that  a  decision  as  to  classification  has  generally  to 
be  made  on  the  spot  by  young  and  oftentimes  inexperienced  en- 
gineers, and  also  that,  as  a  sound  engineering  proposition,  proper 
information  should  be  furnished  to  the  contractor,  there  is  little 
doubt  in  the  speaker's  mind  that  the  former  is  preferable. 

The  necessity  of  providing  full  and  accurate  information  to  pros- 
pective bidders  on  new  construction  has  been  pointed  out  and  em- 
phasized by  the  speaker  in  a  paper*  read  before  this  Society,  and 
amplified  further  in  his  book:  "Railroad  Location,  Surveys  and 
Estimates."  One  of  the  necessary  results  of  a  location  survey  is 
therein  stated  to  be: 

"To  have  on  the  completion  of  the  survey  complete  right-of-way 
maps,  estimates  of  quantities,  and  costs,  showing  in  detail  the 
exact  nature  of  the  work,  so  that  contractors  can  bid  intelligently 
and  work  be  started  at  once." 

The  value  of  an  accurate  map  showing  the  accessibility  of  the 
work,  its  relation  to  the  surrounding  country  and  lines  of  com- 
munication, roads,  trails,  etc.,  on  a  convenient  scale  for  use  by  the 
contractor  in  looking  over  the  situation  on  the  ground,  was  also 
pointed  out. 

This  information  is  of  just  as  much,  if  not  more,  importance 
to  the  railroad  company  as  to  the  contractor,  and,  undoubtedly, 
should  be  obtained  in  all  cases.  On  important  construction,  such 
as,  for  instance,  the  New  York  Subway,  or  the  work  which  the  New 
York  Board  of  Water  Supply  has  on  hand,  there  is  no  question 
as  to  the  propriety  of  spending  all  the  money  necesary  to  obtain  as 
accurate  information  of  sub-surface  conditions  as  the  state  of  the 
art  warrants.  The  speaker  does  not  for  a  moment  advocate  diamond 
drill  borings  to  determine  beforehand  the  nature  of  the  material 
in  an  ordinary  proposed  cutting  on  a  new  railroad,  but  he  believes 

*  "Methods  of  Location  on  the  Choctaw,  Oklahoma  and  Gulf  Railroad,"   Transac- 
iions,  Am.  Soc.  C.  E.,  Vol.  LIV,  p.  115. 
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Mr.  La  vis.  that  Sufficient  information  should  be  obtained  by  auger  borings 
or  test-pits,  or  by  any  process  by  which  the  character  of  the  exca- 
vation may  be  estimated  with  sufficient  accuracy  for  the  purpose 
in  hand. 

This  is  necessary,  not  only  for  the  benefit  of  the  contractor,  but 
also  for  that  of  the  railroad  company,  in  order  to  determine,  in 
many  instances,  the  proper  location  of  the  line  and,  in  all  cases, 
the  position  of  the  grade  line.  The  fact  that  a  cut  may  be  all 
solid  rock,  or  50%  solid  rock,  or  all  earth,  has  a  great  influence  on 
this  latter,  as,  in  one  case,  the  material  might  swell  and  m,ake 
more  embankment  and,  in  another,  shrink  and  make  less.  There- 
fore, before  the  location  can  be  finally  settled,  and  before  a  grade 
line  can  be  established,  which  will  give  the  best  balance  between 
cuts  and  fills,  the  necessary  information  as  to  the  probable  nature 
of  the  material  to  be  encountered  in  the  cuts  should  be  unques- 
tionably obtained.  The  speaker  is  inclined  to  think  that  railroad 
managers  are  becoming  more  and  more  convinced  of  the  necessity 
of  doing  this,  and  that  there  is  more  promise  along  this  line  than  in 
attempting  a  revision  of  the  classification  specifications  in  order 
to  put  them  on  an  equitable  basis  and  beyond  the  possibility  of  mis- 
understanding and  dispute. 

The  speaker  has  prepared  a  specimen  profile,  Fig.  1,  which  shows 
substantially  the  information  which  should  be  given  to  contractors 
on  new  construction  or,  for  that  matter,  on  any  class  of  work  in- 
volving the  graduation  of  railroads,  though  modifications  to  suit 
special  conditions  will  suggest  themselves  to  the  experienced  engi- 
neer. In  all  cuts  and  at  all  foundations,  the  results  of  borings  or 
tests-pits,  where  taken,  are  shown,  samples  being  on  view  at  some 
point  near  the  work;  the  yardage  in  all  cuts  and  fills  is  shown, 
together  with  the  amount  of  swell  if  any;  and  the  amounts  of  both 
side  and  cut  ditches;  the  amounts  of  excavation  in  foundations; 
changes  of  channels,  etc.,  and  the  disposition  of  all  excavated  mate- 
rial; the  length  of  average  haul  by  scale,  and  the  amount  hauled, 
the  latter  being  especially  important,  as  noted  later.  At  all  openings 
schedules  of  quantities,  both  of  materials  and  excavation,  are  shown. 
In  cases  of  important  structures,  where  the  character  of  the  founda- 
tion is  uncertain,  a  well-drilling  outfit  will  obtain  the  information 
at  moderate  cost.  At  the  bottom  of  the  profile  should  be  shown, 
not  only  the  alignment,  but  also  the  width  of  right  of  way  which 
it  is  proposed  to  acquire,  with  the  division  lines  and  names  of 
property  owners;  and  at  the  top,  there  should  be  notes  as  to  the 
character  of  the  country,  i.  e.,  whether  wooded,  pasture,  etc.,  as 
the  case  may  be.  There  should  be  a  summary  of  excavation  quan- 
tities for  each  mile,  showing  the  pay  quantities  and  the  balancing 
of  the  cuts  and  fills. 
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This  information,  together  with  a  map  of  the  line  on  a  scale  Mr.  Lavis. 
of  5  000  ft.  to  1  in.,  as  shown  in  Plate  XII*  of  the  speaker's  paper 
previously  referred  to,  will  give  the  contractor  all  the  information 
necessary,  so  that  when  he  goes  over  the  ground  he  can  note  the 
whole  situation  properly  and  make  an  intelligent  bid.  The  map, 
showing  the  general  relation  of  the  line  to  the  surrounding  coun- 
try and  lines  of  communication,  is  very  useful  and  necessary  for 
the  proper  location  of  sites  for  construction  camps  and  for  esti- 
mating the  haul  of  structural  materials,  supplies,  etc. 

Of  course,  all  this  information  is  given  for  what  it  is  worth, 
and  it  is  believed  that  there  should  be  no  more  difficulty  in  a 
railroad  company  protecting  itself  against  any  claims  of  a  con- 
tractor that  he  was  furnished  with  misleading  information,  than 
the  Board  of  Water  Supply,  for  instance,  finds  in  protecting  itself 
because  a  contractor  might  be  misled  as  the  result  of  a  wrong  inter- 
pretation of  the  information  shown  by  the  diamond  drill  borings. 
All  information  of  this  kind  must  necessarily  be  used  with  judg- 
ment, and  there  is  no  doubt  that  the  present  tendency  is  toward 
a  freer  interchange  of  ideas  between  engineers  and  contractors. 
No  responsible  contractor  should  think  of  trying  to  "hold  up" 
a  railroad  company  because  he  has  misjudged  the  information 
furnished  by  the  engineers;  and,  on  the  other  hand,  the  engineer 
should  provide  as  full  and  reliable  information  as  possible,  explain- 
ing just  how  it  has  been  obtained,  so  that  it  can  be  appraised  at 
its  proper  value.  It  is  believed  that  under  these  conditions  a 
desirable  contractor  would  come  nearer  to  an  equitable  bid  on  a 
no-classification  basis,  on  account  of  his  large  experience  in  judg- 
ing conditions,  than  he  would  be  able  to  if  he  had  to  take  into 
■consideration  the  unknown  factor  of  the  untrained  judgment  of  a 
number  of  young  and  inexperienced  engineers. 

It  should  be  remembered  that  the  man  on  whom  the  responsi- 
bility of  making  the  decision  falls  is  the  resident  engineer,  a 
young  man  with  a  salary  of  $100  to  $125  per  month,  in  charge  of 
8  or  10  miles  of  work.  The  division  engineer  usually  gets  over 
the  work  once  a  week,  often  only  once  or  twice  a  month,  and, 
usually,  decisions  have  to  be  made  on  the  spot,  from  day  to  day; 
he,  therefore,  is  seldom  in  a  position  to  determine  accurately  the 
merits  of  the  controversies  which  arise,  and  too  often  falls  back 
on  an  indorsement  of  his  subordinates  on  what  are  called  "general 
principles,"  that  they  should  be  supported  anyway,  right  or  wrong. 

The  information  on  the  profile  showing  the  proposed  distribu- 
tion of  material  from  the  various  cuttings  in  the  embankments, 
the  speaker  regards  as  most  important,  both  to  the  railroad  com- 
pany and  to  the  contractor,  and  especially  to  the  former.     In  no 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIV,  p.  128. 
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Mr.  Lavis.  other  Way,  than  by  actually  making  this  distribution  as  carefully 
as  circumstances  will  permit,  can  either  the  locating  engineer  or 
the  railroad  company  arrive  at  a  true  estimate  of  the  value  of 
the  location,  or  realize  the  practicability  of  the  scheme  of  work. 
The  cost  of  the  work  to  the  contractor,  and  this  always  means  sooner 
or  later  to  the  company,  is  very  often  increased  by  impractical 
conditions  of  haul  which  might  have  been  avoided  had  the  distri- 
bution of  quantities  been  thoroughly  threshed  out  beforehand. 
For  instance,  where  possible,  a  solitary,  heavy,  steam-shovel  and 
car  proposition  should  be  avoided,  in  the  midst  of  country  which 
can  be  more  economically  handled  by  teams;  or,  if  it  cannot  be 
avoided,  it  may  be  found  that  considerable  improvement  of  line  and 
grade  may  be  obtained  by  introducing  sufficient  additional  heavy 
work,  on  adjoining  parts  of  the  line,  which  can  be  handled  by  the 
same  outfit,  so  that  the  total  actual  cost  of  the  work,  due  to  the 
fact  that  the  cost  of  installing  the  shovel  and  its  equipment  is  dis- 
tributed over  a  larger  amount  of  excavation,  will  be  so  low  as  to 
justify  the  improvement.  Many  other  instances,  among  others, 
the  necessity  of  making  proper  provision  for  borrow-pits,  will  sug- 
gest themselves,  which  show  the  practical  utility  of  thoroughly 
working  out  this  distribution,  besides  the  obvious  advantage  to 
the  contractor  of  being  able  to  estimate  at  least  with  a  fair  degree 
of  accuracy  what  haul  he  has  to  provide  for,  and  thereby  minimiz- 
ing one  of  the  most  fruitful  causes  of  dispute  and  dissatisfaction, 
and  enabling  him  to  lay  out  his  work  ahead  properly. 

The  author's  remarks  on  overhaul  emphasize  the  speaker's  con- 
tention for  more  and  better  work  on  the  location.  There  is  un- 
doubtedly a  general  impression  that  the  line  as  originally  located 
is  likely  to  be  changed  so  much  during  construction  as  to  be 
hardly  recognizable  by  the  time  the  road  is  built,  and  the  various 
changes  of  line  and  grade  have  been  made  in  a  frantic  endeavor 
to  balance  the  cuts  and  fills,  and  through  a  belated  realization  of 
the  fact  that  the  location  has  not  been  thoroughly  threshed  out, 
and  that  there  is  a  chance  to  save  thousands  of  dollars  here  and 
there,  provided  the  construction  has  not  proceeded  too  far  to  pre- 
vent it. 

No  one  realizes  better  than  the  speaker  the  absolute  impossi- 
bility of  locating  a  line  so  that  no  advantageous  changes  are  pos- 
sible; but  it  is  unquestionably  a  fact  that  a  proper  location,  based 
on  full  and  accurate  information,  properly  studied  and  worked  out 
to  its  logical  conclusion,  would  reduce  the  changes  to  a  minimum ; 
and  he  believes  that  improvement  is  to  be  looked  for  more  in  the 
line  of  a  thorough  threshing  out  of  the  problems  to  be  encountered 
before  the  work  is  started  than  by  an  attempt  to  overcome  the 
defects   of  this   lack   of  preliminary   investigation   by   endeavoring 
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to   proviile   a   means   of   paying   for   what   may    turn    up   after   con-  Mr.  Lavis. 
struetion  is  started. 

The  difficulty  of  writing  such  a  specification  may  be  judged 
from  one  case,  namely,  that  in  which  Mr.  Dennis  proposes,  as  a 
test  for  earth,  the  ability  to  plow  it  with  four  horses  or  mules  of  a 
certain  weight.  The  speaker  believes  this  to  be  impractical  of 
application,  although  he  is  aware  that  it  is  very  frequently  speci- 
fied. He  knew  of  an  instance  where  a  contractor  kept  a  spe- 
cial team  for  this  test.  The  horses  were  kept  fat  and  sleek,  but 
they  could  hardly  pull  an  empty  scraper;  and,  besides  this,  the 
man  behind  the  plow  may  make  a  great  difference.  In  any  event, 
there  are  so  many  instances  where  earth  merges  imperceptibly  into 
hardpan,  or  from  any  one  classification  into  another,  that  either 
the  engineer  would  have  to  make  the  contractor  keep  his  team 
and  plow  busy  all  the  time  making  tests,  or  fall  back  on  his  own 
judgment.  Anyone  who  has  been  connected  with  the  ordinary 
contractor's  outfit  on  actual  work  knows  how  difficult  it  would 
probably  be  to  get  any  kind  of  a  test  made,  unless  it  was  at  the 
company's  expense.  As  Mr.  Dennis  himself  points  out,  under 
the  heading  of  "extra  work,"  the  contractor  wovild  consider  that 
this  was  work  which  he  was  compelled  to  do,  but  for  which  he 
received  no  compensation.  Even  supposing  the  cut  were  taken 
out  by  taking  ofP  the  top  stripping  with  plows  and  scrapers — and 
by  no  means  can  a  contractor  be  expected  to  use  this  method  if 
some  other  seems  more  feasible — there  would  still  be  the  theoreti- 
cal necessity  of  testing  the  whole  surface  of  the  harder  material 
with  the  team  of  the  standard  weight  and  pulling  capacity.  In 
large  cuttings,  especially  where  the  material  is  being  handled  with 
steam  shovels,  and  in  cases  where  the  overlying  material  is  found 
in  pockets,  there  is  an  increasing  tendency  to  use  well-drillers  to 
bore  holes  through  both  earth  and  rock,  or  even  through  hardpan 
alone,  in  some  cases,  and  then  to  blast  the  whole  together.  Classi- 
fication, under  such  a  method,  would  be  almost  impossible,  in  any 
event  very  difficult,  and  there  is  continually  a  tendency  to  increase 
the  size  of  the  cuttings  considered  feasible,  in  order  to  get  the 
required  good  alignment  and  low  grade  necessary  to  handle  the 
ever-increasing  traffic   of  the   railroads. 

On  betterments  of  existing  railroads  there  would  seem  to  be 
a  still  better  argument  for  no  classification,  as  the  nature  of  the 
country  can  be  very  readily  ascertained  by  an  examination  of  the 
cuttings  on  the  existing  roadbed;  in  fact  the  largest  amount  of  work 
being  done  under  the  no-classification  specification  is  of  this  class, 
and  it  is  an  argument  in  itself  in  favor  of  the  fact  that  better 
results  can  be  obtained  on  that  basis,  provided  the  contractor  can 
obtain  reliable  information  as  to  the  nature  of  the  work. 
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Mr.  Lavis.  In  regard  to  the  question  of  engineering  expense  in  making 
such  preliminary  investigations  as  might  be  necessary  in  order 
to  make  a  proper  estimate  of  the  cost  of  doing  the  work,  it  might  be 
pointed  out  that  in  all  probability  this  would  amount  to  but  little, 
if  any,  more  than  that  necessary  to  keep  track  of  the  measure- 
ments defining  the  limits  of  the  various  classes  of  materials,  pro- 
vided this  were  done  in  such  a  manner  as  to  avoid  any  chance  of 
dispute. 

There  can  be  but  little  question  as  to  the  endorsement  of  the 
author's  position  in  regard  to  the  application  of  the  prismoidal 
formula  to  the  calculation  of  earthwork;  the  method  of  average  end 
areas  is  undoubtedly  as  accurate  as  anj'  measurements  which  are 
taken  of  the  surface  of  the  ground.  It  is  usual  on  some  roads 
to  instruct  resident  engineers  to  take  sufficient  measurements  so 
that  the  difference  in  the  center  heights  of  adjoining  sections  will 
be  within  certain  limits,  say  not  more  than  3  or  4  ft.  Using  the 
prismoidal  formula  on  earthwork  is  on  a  par  with  the  practice, 
on  one  road,  of  giving  the  degree  of  curve  down  to  hundredths 
of  a  second,  on  account  of  a  fancied  idea  that  the  ground  is  being 
fitted  better. 

The  author's  remarks  in  regard  to  extra  items  included  in 
prices  for  excavation  are  also  to  the  point.  The  reputation  of 
an  engineer  or  railroad  company  for  fairness,  or  even  liberality, 
in  dealing  with  contractors  is  an  asset  which  should  not  be  under- 
estimated by  any  means,  and  no  matter  how  the  contract  is  drawn 
up,  a  contractor  will  think  he  is  being  imposed  on  if  he  is  com- 
pelled to  build  a  wagon  road  for  which  he  is  not  paid,  even  though 
it  may  be  to  a  certain  extent  for  his  own  benefit. 

The  fact  that  contractors  are  often  compelled  to  bid  on  work, 
and  accept  contracts,  regardless  of  the  form  in  which  they  are  drawn 
up,  in  order  to  keep  their  business  going,  as  noted  by  Mr.  Dennis, 
is  something  which  is  beginning  to  be  recognized  by  thoughtful 
engineers  who  have  gotten  away  from  the  old-fashioned  idea  that 
their  business  is  to  try  and  "do  up  the  contractor,"  and  who  recog- 
nize that  the  iiiterests  of  both  contractor  and  employer  are  becom- 
ing more  and  more  identified  with  each  other.  With  this  idea  in 
mind,  the  speaker  believes  that  both  parties  to  the  contract  should 
recognize  the  necessity  of  the  fullest  frankness  with  each  other,  the 
engineer  providing  as  full  and  accurate  information  as  is  possible 
in  regard  to  the  work  to  be  done,  and  the  contractor  recognizing 
the  limitations  of  all  such  information  as  to  sub-surface  condi- 
tions. 

The  old-time  railroad  contractor,  whose  equipment  is  such 
as  to  permit  him  to  take  only  a  small  section  of  work  which  he  is 
able  to  look  after  personally,  and  who,  himself,  has  generally  risen 
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from  the  ranks,  is  giving  way  to  the  modern  complicated  business  Mr.  Lavis. 
organization,  often  a  corporation,  in  some  cases  owning  seventy  or 
eighty  steam  shovels,  with  all  the  necessary  complement  of  equip- 
ment which  that  involves,  and  employing  high-salaried  civil,  me- 
chanical and  electrical  engineers  on  their  staffs ;  and  it  is  believed  by 
the  speaker  that  a  no-classification  specification,  accompanied  by 
the  fullest  information  as  to  the  work,  would  appeal  to  such  organ- 
izations  rather   than   one  providing  for   classification. 

While  differing  from  Mr.  Dennis  in  this  respect,  however,  the 
speaker  feels  that  he  is  to  be  highly  complimented  on  the  very 
practical  nature  of  his  paper,  and  for  the  very  fair  and  skillful 
manner  in  which  he  has  presented  the  matter,  both  from  the  engi- 
neer's and  contractor's  standpoints.  His  plea,  for  a  fair,  clear  con- 
tract and  for  a  better  mutual  understanding  between  both  parties, 
is  entirely  in  line  with  the  speaker's  ideas  on  the  subject. 

T.    Kennard    Thomsox,    M.   Am.    Soc.    C.    E. — The   question   of  Mr.  Thomson, 
classification  has  come  up  frequently  in  foundations  in  New  York 
City,  especially  in  caisson  work.     In  nearly  all  the  lower  part  of 
the  city,  quicksand  is  found,  from  near  the  surface  to  the  hard- 
pan,  from  30  to  60  ft.  below,  and,  where  caissons  have  penetrated 
the  hardpan,  it  has  been  found  to  vary  from  2  to  more  than  30  ft. 
thick,  and,  in  some  places,  it  extends  to  the  rock.     In  other  places, 
sand,  boulders,  etc.,  varying  from  1  ft.  to  30  ft.  in  thickness,  are 
found  between  the  hardpan  and  the  rock.     Occasionally,  the  hard- 
pan  contains  an  almost  solid  mass  of  big  boulders,  and  sometimes 
only  small  pebbles.     The  big  boulders  generally  have  to  be  blasted. 
In  some  places  the  hardpan  can  scarcely  be  removed  by  the  pick, 
and,  in  others,  it  is  so  soft  that  it  crumbles  readily  in  the  fingers. 
Architects    in   New    York    usually   have    "wash-borings"    made. 
These  are  carried  down  to  what  is  called  on  the  plans  "bed-rock  or 
boulders,"  but  which  is,  in  reality,  the  top  of  the  hardpan.     In  one 
case,    a    contractor    looked   at    these   plans    and    signed    a   contract 
agreeing  to   go  to   "bed-rock."     Although  he  had  to  pass   through 
from  5  to  12  ft.  of  hardpan,  which  the  plans  did  not  indicate,  he 
went  to  "bed-rock,"  but  lost  $20  000  thereby. 

Wash-borings  generally  indicate  the  top  of  the  hardpan  very 
accurately,  but,  as  they  are  made  for  this  class  of  work,  they  do 
not  show  its  thickness,  nor  the  elevation  of  rock,  so  that  the  only 
fair  way  to  let  a  lump-sum  contract  is  to  specify  a  lump  sum  for 
excavation  to  the  average  elevation  of  the  top  of  the  hardpan,  and 
specify  that  everything  below  that  depth  will  be  paid  for  at  so 
much  per  cubic  yard,  which  price  should  be  increased,  probably 
for  each  additional  5  ft.  of  depth. 

In  passing  through  the  material  above  the  hardpan,  as  much  as 
20  ft.  vertical  per  day  can  be  excavated,  while  below  the  top  of 
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Mr.  Thomson,  the  hardpaii,  generally  the  excavation  will  not  be  more  than 
from  2  to  4  ft.  per  day,  and  in  cases  where  there  is  much  blasting,, 
(j  in.  is  the  limit  for  a  day's  work.  The  resnlt  is  that  the  engineer 
can  calculate  very  closely  what  it  will  cost  to  go  to  the  top  of  the 
hardpan,  as  given  by  the  wash-borings,  and  he  can  calculate  the 
extra  cost  for  each  additional  foot  of  depth;  but,  if  he  tries  to 
distinguish  between  good  hardpan  and  poor  hardpan,  or  boulders, 
or  the  material  often  encountered  in  the  hardpan  or  under  it,  he 
will  get  into  trouble,  for  all  these  materials  blend  into  each  other  and 
vary  for  every  caisson  on  the  work. 

Hardpan  has  been  described  as  a  natural  concrete,  in  fact  the 
speaker  once  heard  two  engineers  disputing  as  to  whether  a  piece 
of  very  good  hardpan  was  or  was  not  Portland  cement  concrete. 
As  has  been  said,  poor  hardpan  is  sometimes  so  soft  that  it  cannot 
be  picked  up  without  breaking. 
Mr.  Beckier.  E.  H.  Beckler,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  bears 
upon  a  subject  to  which  the  writer  has  given  much  thought  in  recent 
years.  One's  opinioii,  while  attempting  to  discuss  some  of  these 
questions,  is  certain  to  be  influenced  greatly  by  the  point  of  view, 
and  one's  ideas  are  also  likely  to  be  aifected  by  the  vision.  Every- 
thing is  green  or  blue,  when  seen  through  green  or  blue  glasses. 
To  the  best  of  the  writer's  knowledge,  the  eye-glasses  he  is  wearing 
while  attempting  to  disctiss  some  of  the  points  at  issue  are  per- 
fectly colorless.  The  writer,  however,  has  no  thought  of  being  any- 
thing but  loyal  to  the  profession  which  stands  first  in  producing 
men  who  are  able  in  character  and  attainments,  and  whose  success 
is  never  built  upon  the  miseries  or  misfortimes  of  others. 

There  are  some  conditions  in  agreements,  and  some  require- 
ments in  specifications,  which  have  become  obsolete  through  age, 
changes  in  business  relations,  and  by  reason  of  the  use  of  modern 
appliances  and  methods  of  doing  work.  Other  drastic  clauses,  giv- 
ing authority  to  the  agents  of  one  contracting  party,  are  inoperative, 
except  in  cases  of  financial  embarrassment,  attempted  wilful  wrong- 
doing, or  default;  and  their  presence  in  the  agreement  injures  no 
one  who  proceeds  with  the  execution  of  the  work  in  a  spirit  of  fair- 
ness and  uprightness.  It  is  true  that  one's  pride  is  sometimes 
touched,  but  the  knowledge  that  sentiment  is  not  business  should 
bring  relief.  It  is  certain  that  the  presence  of  objectionable  fea- 
tures which  will  not  stand  the  test  of  law  can  do  no  harm.  The 
same  conditions  apply  to  sub-contractors,  who  are  frequently  men  of 
less  intelligence,  with  weaker  views  of  integrity,  than  the  princi- 
pals ;  and  it  is  quite  likely  that  a  principal,  who  objects  to  the  strin- 
gent requirements  binding  him,  feels,  at  times,  quite  thankful 
that  somebody's  forethought  has  placed  restrictions  which  are  bene- 
fits in  disguise. 
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The  nature  of  the  business  is  such  that  the  contractor's  pecu- Mr.  Beckicr. 
niary  interests  are  closely  represented  on  the  work.  He  is  in  daily 
contact  with  the  agent  of  the  railway  company,  and  is  ever  ready 
to  present  his  side  of  a  situation.  The  young  men  representing 
the  railway  company  are,  perhaps,  too  much  taken  up  with  the 
engineering  and  structural  work,  and  are  too  inexperienced  to  com- 
pi'ehend  and  realize  the  judicial  functions  of  the  position.  The 
specifications  are  for  the  guidance  of  such  men,  and  it  is  better  that 
there  be  not  too  much  looseness,  for  that  may  make  trouble.  It  is 
expected  that  there  will  always  be  near  at  hand  some  engineer  in 
charge,  who  knows  what  is  fair  between  man  and  man,  and  to  him 
the  contractor  will  look,  more  than  to  the  chief  engineer.  In  these 
days,  where  there  is  an  operating  department,  the  near-at-hand 
duties  of  the  chief  engineer  often  prevent  him  from  giving  much 
personal  attention  to  a  new  piece  of  construction,  until  he  can  ride 
over  the  work  in  a  car.     Men  at  a  distance  must  be  held  in  check. 

It  is  quite  desirable  that  there  should  be  greater  uniformity  in 
the  general  requirements,  as  contractors  go  from  one  road  to  another, 
acquire  habits,  and  draw  comparisons.  When  they  meet  unusual 
requirements,  they  are  apt  to  say  that  the  railway  company  is 
close,  or  even  go  so  far  as  to  say  that  they  are  being  robbed,  because 
of  some  variation  from  a  custom  practiced  elsewhere.  There  are 
especial  features  with  nearly  every  piece  of  work,  and  these  should 
be  specifically  mentioned,  in  order  to  give  assurance  that  the  con- 
tracting parties  knew  the  conditions,  and  were  prepared  to  meet  the 
situation.     This  prevents  distrust  and,  possibly,  litigation. 

Method  of  Letting. 

Lump  Sum. — This  method  is  without  unit  prices,  or  classifica- 
tion. It  is  possible  that  the  information  concerning  a  small  piece 
of  work  may  be  sufficiently  accurate  and  complete  to  enable  fair 
tenders  to  be  made.  It  precludes  all  modifications  in  plans  during 
construction. 

Unclassified  Unit  Prices. — The  information  for  this  method  of 
letting  must  be  nearly  as  complete  as  in  the  case  of  the  "lump- 
sum'' method.  The  usual  clause  requiring  the  contractor,  in  mak- 
ing his  bid,  in  this  and  the  foregoing  method,  to  certify  that  his 
knowledge  is  obtained  through  his  own  agencies,  if  effective,  com- 
pels much  expense  in  the  examinations;  if  waived,  it  is  a  founda- 
tion for  a  law-suit.  Changes  of  grade  or  alignment  make  changes 
in  the  material  encountered,  in  the  character  of  the  work,  in  haul, 
and  in  other  ways,  so  that  change  in  compensation  must  be  allowed. 
Generally,  changes  operate  favorably  to  the  railway  company.  They 
are  made  for  its  benefit,  are  generally  a  saving,  and,  naturally,  are 
against  the  contractor — in  loss   of   profit,   if  for  no   other  reason. 
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Mr.  Beckler  For  a  no-classification  bid,  the  contractor's  risk  appears  to  be  larger, 
and  the  price  is  correspondingly  higher,  though  there  is  a  chance 
to  catch  the  unwary  or  irresponsible.  The  claim  that  it  avoids  dis- 
putes is  not  substantiated.  The  study  of  the  character  and  attain- 
ments of  the  engineer  in  charge  should  be  a  large  factor  in  prepar- 
ing a  tender  on  this  plan. 

Classified  Unit  Prices. — The  writer  agrees  most  heartily  with  the 
author  in  his  preference  for  classification ;  he  endorses  his  arguments 
and  commends  to  the  attention  of  all  engineers  the  clearness  with 
which  this  point  is  covered. 

A  talk  at  one  time  with  an  engineer  brought  out  the  idea  that 
the  classification  covered  a  definite  material,  and  bore  no  relation, 
which  an  engineer  should  recognize,  to  the  schedule  of  prices.  He 
claimed  that  it  would  be  disastrous  to  class  material  by  relative 
cost  (when  properly  handled),  where  the  description  did  not  defi- 
nitely apply.  The  usual  specification  refutes  this  argument  by 
describing  loose  and  solid  rock,  and  then  naming  earth  as  "all  other 
material  of  whatsoever  nature,"  with  no  attempt  at  description. 

It  would  seem  best  to  divide  all  excavation  material  into  three 
groups  in  order  to  average  the  range  of  cost,  although  sometimes 
the  middle  price  may  be  omitted.  There  are  certain  kinds  of  mate- 
rial, such  as  loose  and  cemented  gravel,  hardpan,  gumbo,  and  plastic 
clay,  which  cannot  be  excavated  at  the  usual  earth  prices.  The 
unfortunate  contractor  who  encounters  these  materials,  and  asks 
the  engineer  for  a  suggestion  for  economical  excavating,  or  a  hint 
as  to  the  probable  classification,  draws  little  comfort  from  the 
reply. 

As  the  author  has  well  said,  it  is  not  difiicult  to  describe  the 
material  most  easily  rediiced  to  the  loading  condition.  There  is 
not  much  trouble  in  determining  rock  as  such,  although  the  writer 
once  classified  a  frozen  sand  bank  as  rock,  much  to  his  chagrin  a 
few  months  later.  More  mature  thoughts  have,  in  his  mind,  justi- 
fied the  unintentional  benevolence.  The  portion  of  a  ledge  or  mass 
of  rock  which  can  be  removed  economically  without  blasting  is 
trifling.  The  seamy  disintegrated  capping  is  more  troublesome  than 
the  solid  mass  beneath,  and  it  is  better  not  to  attempt  to  separate 
it  in  the  classification. 

The  words,  earth,  loose  rock  and  solid  rock,  in  the  classification, 
are  misleading.  They  prevent  many,  and  especially  young  engi- 
neers, from  perceiving  that  classification  is  an  attempt  to  fit  prices 
to  the  character  of  the  material  as  judged  by  its  resistance  to 
removal. 

Classification. 

First  Class. — This  should  include  material  which,  in  its  custo- 
mary natural  condition,  can  be  plowed  by  a  team  of  4  horses,  eaclj. 
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\>eig'hing  1500  lb.,  with   reasonable   rapidity  for   economical  hand-  Mr.  Beckler. 
ling  by  scrapers  or  shovels,  but  does  not  require  the  use  of  picks 
or  bars. 

Second  Class. — This  should  include  earthy  or  mixed  materials, 
those  not  susceptible  to  plowing  under  the  foregoing  test,  and 
boulders,  embedded  in  first-class  material,  between  the  sizes  of  J 
cu.  ft.  and  10  cu.  ft.  Plowing  with  more  than  4  horses,  the  use  of 
picks  and  bars,  and  other  hand  work,  and  drilling  and  blasting  are 
assumed  to  be  some  of  the  methods  of  loosening  this  material. 

Bock. — This  class  should  include  all  rock  in  masses  larger  than 
10  cu.  ft.,  and  gravel  containing  cementing  material  and  requir- 
ing the  methods  used  for  loosening  rock.  Drilling  and  blasting 
are  assumed  to  be  requisite  for  loosening  and  fracturing  rock 
economically. 

The  foregoing  leaves  the  opportunity  to  introduce  a  "third  class," 
which  might  be  necessary  in  some  localities,  to  make  the  scheme 
more  flexible.  The  price,  with  competitive  bids,  will  fix  the  ques- 
tion of  soft  and  hard  rock.  Under  such  a  specification,  the  young 
engineers  in  the  field  will  know  that  rock  is  rock. 

Measurements. 

The  difference  in  volume  between  "end-area"  and  "prismoidal- 
formula"  methods  is  due  to  the  two  pyramids  in  the  slopes  when 
there  is  a  difference  in  end  heights.  The  end-area  method  treats 
the  pyramid  as  a  wedge.  This  difference  in  volume  may  be  found 
as  follows : 

Let  S  =  the  ratio  of  the  base  to  the  height, 
D  =  the  difference  in  the  end  heights, 
L  =  the  length  of  the  prism, 

X—  the   correction  =  the  end-area  volume  minus    the  pris- 
moidal  formula  volume. 

s  jy^  L 

-  volume  for  both  sides  for  a  level  cross-section. 


G 
Substituting  the  proper  values  for 

S  =  1^  to  1,  1  to  1,  i  to  1,  and  |  to  1; 

D^  L  i/l  If  L  D^  L 

then  X  ^=  — -7 — ,  — - — ,  — r— -,  -fj— ,  respectively,  for  these  slopes. 

It  is  seen  that  this  correction  varies  directly  as  the  length  and 
as  the  square  of  the  difference  in  end  height.  It  is  zero  for  any 
height  of  embankment  equal  at  the  two  ends,  and  reduces  to  a  small 
quantity  as  the  slopes  become  steep  in  rock  excavations.  In  earth 
slopes,  short  prisms  make  the  error  small.  The  difference  in  volume 
between  end-area  and  prisnioidal  formula,  with  IJ  to  1  slopes,  for 
a  50-ft.  prism,  with  4  ft.  difference  in  height,  is  7.4  cu.  yd.     The 
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Mr.  Beckler.  Gi'i'or  of  one-tenth,  in  the  cross-section  height  for  an  embankment, 
<1  ft.  hig-h  and  with  a  base  of  20  ft.,  is  7.1  cu.  yd.  It  is  not  likely 
that  the  slope  stakes,  on  ordinary  ground,  are  accurate  to  within 
one-tenth.  The  natural  surface  of  the  country  is  convex  over  the 
ridges  and  concave  in  the  depressions.  The  contractors  lose  many 
times  the  prismoidal-formula  correction  in  the  convexity  of  exca- 
vations and  the  concavity  of  embankments.  To  be  consistent  in 
applying  the  prismoidal  formula,  the  ground  should  be  planed  or 
leveled  before  cross-sectioning,  and  the  rod  should  be  read  to  hun- 
dredths. There  are  steep  gulches  where  it  is  inconvenient  or  unnec- 
essary to  take  frequent  cross-sections.  The  formula  can  be  applied, 
but  the  methods  used  for  determining  the  middle  area  are  inac- 
curate and  tedious.  It  is  better  to  use  the  end  area,  and  apply  the 
little  formula,  previously  mentioned,  for  a  correction  to  the  volume. 
Since  the  error  is  all  in  the  slope,  it  is  only  necessary  to  use  the 
side  heights.     A  volume  table  for  D  may  be  quickly  prepared. 

Some  specifications  call  for  the  measurement  of  all  work  in 
excavation.  It  seems  to  be  a  better  plan  to  measure  the  embank- 
ment, when  it  is  built  from  side-borrow.  Frequently,  the  pits  are 
not  measured  up  for  months.  They  become  filled  with  mud  and 
water,  and  when  the  quantities  determined  by  pit  measurement 
differ  materially  from  the  cross-section  quantities,  the  engineer 
tries  it  again.  He  is  delayed  in  rendering  his  final  estimate,  by  this 
borrow-pit  figuring,  at  a  time  when  the  contractors  are  impatient, 
and  he  is  needed  for  other  work. 

Overhaul. 

The  question  of  haul  is  one  of  the  most  important  under  con- 
sideration, whatever  plan  is  used,  as  regards  compensation  for  the 
work,  lump  sum,  unclassified,  or  classified  \init  prices.  The  exhibit 
shown  at  the  letting,  on  which  the  compensation  is  based,  cannot  be 
changed,  in  right  of  way,  grade,  alignment,  diversion  channels, 
sidings,  road-crossings,  and  incidental  construction  outside  of  the 
roadbed,  without  affecting  the  question  of  haul  and  the  contractor's 
profits.  It  costs  to  move  material,  although  not  always  in  direct 
ratio  to  the  distance  or  volume.  The  character  of  a  piece  of  work 
may  be  so  changed  as  to  require  a  change  of  appliances  for  trans- 
portation at  points  where  the  delivery  of  the  proper  outfit  is  worth 
the  price  of  the  work. 

On  a  "pay-both-ways"  proposition,  some  cuts  aggregating  more 
than  100  000  cu.  yd.  were  to  be  deposited  in  embankment  where  the 
ground  was  unfit  for  borrow.  The  line  was  shifted  laterally  to 
skirt  a  sidehill.  A  borrow-pit  was  made  in  the  place  of  the  origi- 
nal location  from  which  material  was  hauled  to  the  fill,  thereby 
cutting  out  one  price. 
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A  contract  was  made  for  a  line  which  had  been  located  during  Mr.  Beckier. 
dry,  autumn  weather.  The  free  haul  was  1 000  ft.  The  profile 
showed  a  wide  right  of  way — secured  for  the  purpose  of  side-bor- 
row— at  all  places  where  hauls  of  considerable  height  were  to  be 
built.  In  the  following  spring  most  of  the  low  places  were  filled 
with  water,  and  remained  so  for  months.  The  contractors  were 
obliged  to  haul  from  the  high  places,  at  scraper  prices,  using  cars 
for  the  work.  The  original  estimates  indicated  60%  side-borrow; 
the  final  estimates  gave  70%  hauled.  A  protest  to  the  engineer 
in  charge  brought  a  shrug  of  the  shoulders,  and  it  is  doubtful  if  the 
matter  ever  came  to  the  attention  of  the  chief  engineer  by  more 
than  casual  mention  by  the  engineer  in  charge. 

A  contract  without  any  haul  price  included  a  section  of  4  miles 
with  a  cut  at  one  end  and  a  long  fill.  In  sub-letting;  this  section 
was  undertaken  at  a  price  greatly  above  the  principal  contractor's 
average  price  for  the  entire  work.  The  chief  engineer  consented,  af- 
terward, to  let  the  sub-contractor  waste  some  30  000  cu.  yd.,  and 
then  made  up  an  estimate  including  both  waste  and  borrow,  there- 
by taking  $2  000  from  the  principal  contractors  and  more  from  the 
railway  company.  These  things  show  that  there  is  indifference  or 
?.  failure  to  understand  the  railway  company's  obligation. 

It  is  best  to  have  a  price  for  hauling  all  material  based,  pref- 
erably, on  the  cubic  yard  and  100-ft.  distance.  This  should  apply 
to  all  roadbed  excavation  (no  free  haul),  and  to  all  borrow  hauled 
more  than  200  ft.  If  the  price  for  haul  is  sufficient,  the  minor 
changes  incident  to  construction  do  not  cause  loss.  In  justice  to 
the  contractor,  hauling  should  not  apply  to  extra  work,  which  is 
not  in  evidence  at  the  letting,  when  the  excavations  are  off  the  right 
of  way  and  below  grade. 

The  methods  of  calculating  overhaul  are  quite  varied.  When 
center  of  mass  is  mentioned,  there  is  always  doubt  in  the  writer's 
mind  as  to  his  understanding  of  what  is  meant.  The  lexicographers, 
in  definitions  of  center  of  gravity,  mass,  figure,  volume,  magnitude, 
etc.,  have  made  some  confusion.  Some  engineers  have  shown  sur- 
prise when  told  that  the  point  where  they  add  up  one-half  the 
yardage  in  a  cut  is  not  the  center  of  mass.  The  true  center,  being 
a  product  of  a  unit  by  a  distance,  is  only  the  center  of  figure  in 
rfgular  solids.  There  is  no  occasion  to  determine  the  center  of 
mass.  Unless  one  wishes  to  go  into  calculus,  it  is  sufiicient  to  use 
the  prisms  extending  from  one  cross-section  to  another  as  units. 
Consider  these  units  to  be  hauled  to  some  selected  point,  as  the 
end  of  the  cut ;  ascertain  the  point  in  the  embankment  to  which 
the  same  volume  will  make  the  fill;  determine  the  haul  to  each  of 
the  embankment  cross-sections,  until  the  above  fixed  point  is  reached. 
The  sum  of  the  cut  haul  and  the  fill  haul  gives  the  required  over- 
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Mr.  Beckler.  haul  quantity.  By  tliis  means,  interpolation  to  find  how  far  a  given 
unit  in  excavation  will  reach,  in  the  embankment,  is  reduced  to 
the  one  operation  of  determining  the  extreme  limit  of  the  haul. 
Some  mass-diagram  methods  are  inaccurate,  and,  practically,  the 
above  scheme  is  used  for  those  which  are  correct,  permitting  the 
eye  to  assist  and  check  the  mind.  Where  a  borrow  is  overtopped 
by  an  excavation,  the  overhaul  should  apply  to  the  distance  actually 
hauled,  and,  if  the  bank  is  built  up  in  layers,  the  usual  plan  of  plac- 
ing the  nearest  cut  in  the  nearest  fill  is  unfair.  A  strip  of  ground 
is  often  bought  for  borrowing  the  entire  length  of  a  fill,  but,  in  cal- 
culating overhaul,  the  engineer  will  put  the  cut  in  at  one  end  and 
the  borrow  at  the  other. 

Sub-Contractors. 

If  the  stipulation  prohibiting  sub-contracting  is  to  be  enforced, 
the  engineer  must  let  his  work  in  shorter  pieces.  There  are  no  out- 
fits in  existence  capable  of  handling  some  of  the  larger  pieces  of 
work.  Prices  would  go  soaring,  if  one  contractor  had  to  own  all 
the  outfit.  If  there  are  several  principal  contractors  on  the  same 
line,  there  will  be  continual  squabbles  over  labor,  supplies,  etc.  With 
sub-contractors  acting  as  foremen,  there  is  better  progress  and  work- 
manship, and  more  economical  management.  While  it  is  not  nice 
to  sign  an  agreement  not  to  sub-let,  and  immediately  proceed  to 
cover  a  line  with  foreign  parties,  it  is  possible  that  a  modification 
of  the  stipulation  which  definitely  states  that  sub-contractors  may 
be  employed,  and  that  the  principals  will  be  expected  to  shoulder 
all  the  expenses,  of  whatsoever  nature,  that  the  often-misgnided 
"subs"  may  choose  to  incur,  may  be  like  "jumping  from  the  frying- 
pan  into  the  fire."    It  is  better  to  "let  silence  give  consent." 

Insurance. 

Sometimes  the  clauses  relating  to  the  protection  of  the  railway 
company  are  worded  in  a  way  to  touch  the  sensibilities  of  a  self- 
respecting  man.  Except  for  the  fact  that  the  work  is  more  hazard- 
ous, there  is  no  occasion  for  greater  restrictions  than  in  the  pur- 
chase of  material  and  equipment.  On  account  of  the  hazard,  it  is 
doubtless  best  that  the  railway  company  insists  that  accounts  shall 
be  properly  kept.  The  inspection  of  the  books  and  pay-rolls,  and 
the  assumption  of  management  of  the  contractor's  forces,  are  not 
the  company's  business  until  there  is  evidence  of  incompetence 
and  probable  failure. 

Delays. 

Contractors  are  entitled  to  compensation  for  delays  occasioned 
by  the  other  party.     Extension  of  time  does  not  pay  for  feed  and 
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idle  labor.     The  claim  for  delays  ought  to  be  made  promptly,  and  Mr.  Beckier. 

its  merits  determined  immediately  by  a  competent  person.    A  tender 

was  once  made  for  a  piece  of  work  on  which  the  contractor  was  to 

load  cars  to  be  hauled  away  by  the  railway  company.     The  bidders 

proposed  having  a  timekeeper,  employed  by  the  company,  to  record 

idle  time  after  any  15  min.  delay  for  cars,  and  payment  was  to  be 

made  for  the  time  less  the  15  min.     The  bid  was  rejected,  because, 

as  the  chief  engineer  said,  it  left  a  chance  for  dispute.     The  object 

was  to  avoid  dispute.     The  party  who  took  the  contract,  without 

such  provision,  afterward  told  the  writer  that  he  had  lost  money 

because  of  the  delays. 

The  Chief  Engineer  as  Umpire. 

There  is  some  probability  of  the  chief  engineer  being  biased  in 
his  opinions,  on  account  of  estimated  cost  and  pressure  by  the 
management.  There  i^  greater  probability  of  the  contractor  as- 
suming this  to  be  the  case,  because  the  engineer  is  an  employee 
of  the  other  party.  This  opinion  is  more  likely  to  be  the  fact,  as 
regards  the  subordinate  engineers.  It  is  quite  likely  that  many 
chief  engineers  would  like  to  have  the  duty  of  being  umpire  taken 
from  them.  It  would  be  well  to  have  every  contract  state  that  some 
engineer,  not  an  employee  of  either  party,  shall  be  the  umpire  to 
decide  all  questions  pertaining  to  changes  made  during  the  progress 
of  the  work,  or  to  adjust  all  claims  of  contractors  for  extra  compen- 
sation. The  compensation  for  the  service  of  iimpire  should  be  borne 
equally  by  the  parties.  The  chief  engineer  is  freqiiently  prevented 
from  making  changes  because  of  the  uncertainty  as  to  the  feeling 
of  the  contractors,  and,  if  it  were  known  that  an  umpire  was  agreed 
upon  to  settle  any  question  of  compensation,  the  engineer  would 
be  less  troubled  in  arranging  for  work  introduced  by  unforeseen  dif- 
ficulties. It  is  best  that  much  of  the  extra  work  not  provided  for 
in  the  contract  at  unit  prices,  or  work  not  plainly  indicated  in  the 
beginning,  should  be  done  at  cost,  with  a  percentage  for  the  use  of 
tools  and  superintendence.  Such  bills  should  not  be  juggled  into 
yardage,  especially  when  the  work  is  done  by  a  sub-contractor.  His 
price  is  not  that  of  the  principal,  and  he  is  entitled  to  the  full 
amount  of  his  bill. 

Some  of  the  objectionable  features  of  contracts,  from  the  con- 
tractor's point  of  view,  have  been  inserted  by  the  attorneys  directly 
in  the  employ  of  the  railway  company,  who  have  been  told  to  draw 
up  something  binding.  The  contractor  is  surely  at  fault  for  sign- 
ing an  agreement  containing  conditions  which  are  humiliating, 
or  which  are  too  one-sided.  Such  matters  can  be  made  satisfactory 
before  the  papers  are  signed.  It  would  be  well  to  have  the  railway 
contract   forms   of   agreement    and   specifications    revised,   like   the 


436  DISCUSSION'   ON  GRADUATION  OF  RAILROADS  [Papers. 

Mr.  Beckier-  American  protective  tarifP,  by  its  friends,  that  is,  engineers  and 
engineering  contractors;  and  a  committee  of  the  American  Society 
of  Civil  Engineers  is  the  proper  vehicle  to  use  in  making  this  needed 
reform. 

Mr.  Bouton.  Harold  Bouton,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — The  scope 
of  this  interesting  and  important  paper  is  too  great  for  a  thorough 
discussion  by  the  writer.  Many  of  the  questions  raised  require  a 
knowledge  of  the  law  of  contracts  as  well  as  the  facts.  Many  of  the 
evils  and. defects  of  which  the  author  complains,  however,  are  only 
unfair,  thoUgh  a  nvimber  are  illegal;  but  whether  unfair  or  illegal, 
they  are  expensive  to  the  employer,  as  the  author  points  out.  As 
long  as  contractors  must  take  contracts  as  they  find  them,  and 
as  long  as  competent  parties  are  allowed  to  contract  to  do  anything 
not  illegal  or  against  public  policy,  until  then  will  contractors,  who 
are  alive  to  their  interests,  rely  on  ambiguous  clauses  and  engineers' 
interpretations  thereof  to  relieve  them;  and  they  will  liquidate 
their  damages  by  resort  to  a  court,  or  insure  against  such  dam- 
ages by  a  high  price,  or  both.  Contractors  who  do  not  bid  high 
under  such  conditions  are,  as  Mr.  Dennis  says:  "not  the  most 
reliable,  but  the  most  optimistic." 

The  writer  is  familiar  with  the  subject,  and,  having  considered 
it  from  several  points  of  view,  the  causes  of  the  defects  in  the 
present  system,  seem  to  resolve  themselves  into  two  general  classes, 
which  would  seem  to  be  confirmed  by  this  paper: 

1. — Insufficient  or  unreliable  data  for  the  inspection  of  bid- 
ders, and  by  which  they  are  to  be  bound; 

2. — Lack  of  definition  and  limitation  of  the  province  of  the 
engineer  in  drafting  the  specification  and  the  contract. 

Economic  reasons  would  seem  to  be  sufficient  to  prompt  every 
competent  engineer  to  make  the  circumstances  and  conditions  af- 
fecting each  contract  as  certain  as  possible  for  the  inspection  of 
the  bidder;  at  least,  when  these  have  been,  or  can  be,  made  reason- 
ably certain.  Lack  of  time  or  funds  is  the  excuse  usually  given, 
but  the  time  devoted  by  the  average  engineer  to  drafting  the  con- 
tract in  supposed  legal  form  will  generally  refute  this,  and  the 
same  time  spent  in  intelligent  investigation  and  collection  of  data 
would  render  unnecessary  the  usual  attempt  to  shift  the  responsi- 
bility for  not  having  done  so;  and  the  first  cost  of  precision  will 
bear  favorable  comparison  with  the  final  cost  of  uncertainty. 

As  Mr.  Dennis  says,  general  clauses  are  a  confession  of  weak- 
ness. Precise,  clear  statements  need  no  definition  or  protection. 
Ambiguous  and  uncertain  clauses,  inserted  to  avoid  the  legal  con- 
sequences of  uncertainty  or  worse,  need  definition,  and  usually 
get  it,  at  the  expense  of  the  employer. 
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There  is  a  reason  for  the  insertion  of  these  chiuses  which,  iin-  Mr.  Bouton. 
fortunately,  often  controls.  It  arises  from  a  desire  to  confirm  a 
preliminary  estimate  of  the  project,  made  on  a  superficial  survey 
of  the  location,  facts  and  circumstances,  and  on  the  basis  of  the 
"average  price  of  similar  work,"  at  a  time  when  the  authorization 
for  the  work  depends  on  the  estimate. 

Improvement  can  hardly  be  expected  until  the  fundamental 
differences  and  essentials  of  cost  and  price  are  more  generally 
recognized  and  satisfied. 

Limitation  of  the  province  of  the  engineer  is  perhaps  the  most 
important  topic  of  discussion  suggested  by  this  paper,  particularly 
because  of  its  very  declared  purpose  and  its  title. 

Of  all  defects  in  the  present  system,  the  usual  method  of 
drafting  contracts  and  specifications  is  the  most  glaring  and  the 
most  productive  of  litigation.  With  insufficient  or  withheld  data 
as  a  foundation,  a  scrap-book  structure  is  erected  from  other  speci- 
fications and  contracts,  themselves  seldom  original,  which  have  been 
drawn  to  satisfy  work  of  a  different  character,  or  at  least  affected  by 
radically  different  circumstances  and  conditions,  and  in  another 
section  of  the  country;  and  great  effort  is  made  to  satisfy  legal  as 
well  as .  engineering  requirements. 

This  fault,  no  doubt,  arises  inainly  from  the  fact  that  the  techni- 
cal knowledge  necessary  to  draft  a  contract  and  specification  is 
usually  beyond  the  province  of  the  lawyer,  as  it  varies  with  and  in 
each  contract;  bi^t  the  fundamental  essentials  of  the  law  of  con- 
tracts, necessary  to  inake  it  binding  upon  the  parties  thereto,  are 
generally  constant.  The  error  results  from  not  segregating  the 
matters  of  fact  from  those  of  the  law.  The  engineer  and  em- 
ployer should  agree  on  the  facts,  and  separate  the  technical  from 
the  general.  The  technical  will  vary  with  each  contract.  The 
general  facts  will  be  more  constant,  but  will  also  vary  to  some 
extent.  It  is  feasible,  however,  to  compile  a  schedule  of  general 
facts  incidental  to  the  average  engineering  contract  and  place  it 
in  the  possession  of  every  engineer,  so  that  a  choice  of  these  may 
be  made  for  each  new  contract,  with  the  addition  of  any  other 
facts  which  the  circumstances  may  suggest.  When  selected  by 
engineer  and  employer,  they  should  be  referred  to  one  who  is 
qualified  to  draft  them  in  legal  form ;  but  to  go  further  than  to 
standardize  the  facts  of  general  clauses  would  be  a  grave  mis- 
take. 

There  remains  that  portion  of  the  contract  which  engineers 
should  not  try  to  draft,  and  that  is  the  purely  legal  part  wherein 
is  recited  and  defined  the  parties,  general  subject  matter,  and  con- 
sideration. The  effect  of  a  standard  form  of  agreement,  even  if 
this    were   made    with    legal    assistance,    would   be    disastrous,    for 
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Mr.  Bouton.  many  would  assume  its  infallibility.  Such  a  standard  form 
would  not  satisfy  even  all  railroad  contracts,  and  if  insertions  or 
other  chai)ges  were  made  by  a  person  not  conversant  with  the  funda- 
mental essentials  of  a  contract,  the  result  would  be  very  dangerous 
and  unfortunate.  A  knowledge  of  the  law  of  contracts  is  a  de- 
sirable qualification  in  every  engineer;  not  for  the  purpose  of 
drafting  contracts,  but  that  he  may  understand  the  importance  of 
clear,  concise  and  exact  terms,  and  avoid  the  use  of  clauses  so 
general  as  to  seem  to  be  designed  to  permit  the  engineer  to  avoid 
any  consequence  of  his  own  neglect  or  error. 

The  interest  and  discussion,  when  these  questions  arise,  show 
that  the  study  of  legal  principles  is  taking  the  place  it  should  in 
an  engineering  education.  It  seems  ridiculous  to  attempt  the 
legal  without  a  knowledge  of  the  successive  relations  in  a  con- 
tract, namely:  Formation,  Operation,  Interpretation,  and  Dis- 
charge. Further,  there  is  no  contract  unless  the  following  five 
essentials  of  Formation  are  present  and  are  satisfied : 

1. — Offer  and  Acceptance. 

2. — Form  and  Consideration. 

3.- — Capacity  of  Parties. 

4. — Reality  of  Consent  (Mutuality). 

5. — Legality  of  Object. 

An  admirable  discussion  of  these  questions  may  be  found  in 
the  paper*  by  Albert  J.  Himes,  M.  Am.  Soc.  C.  E.,  but  a  brief 
reference  to  each  of  the  contract  relations  may  be  excused  because 
of  their  extreme  importance. 

Formation.- — This  corresponds  to  the  Proposition  and  Execu- 
tion of  the  contract,  and  is  written  evidence  of  the  limits  to  the 
rights  and  obligations  of  the  parties.  Its  successive  requirements 
are: 

I. — That  the  acceptance  must  be  in  the  precise  terms  of 

the  offer,  and  unconditional; 
II. — That   written   form   is   necessary,    and   the   considera- 
tion real,  though  not  necessarily  adequate; 
III. — That  the  parties  must  be  not  only  legally  and  men- 
tally   capable,    but    acting   within    their    authority,    if 
representatives ; 
IV. — That,    for   mutuality,   the   minds    of   the    parties   must 
have  really  met  on  the  same  subject-matter; 
v.- — That  while  legality  may  seem  self-evident,  regulations 
or  ordinances,   charters,  statutory  and  other  law,  un- 
known and  unsuspected  by  an  engineer,  may  result  in 
the  illegality  of  the  contract. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LVI,  p.  104. 
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Operation. — Operation,     corresponding    to     Performance,     tests  Mr.  Boutou. 
the  limits  of  the  rights,  Habilities  and  relations  of  the  parties  and  of 
the  subject-matter;  including  the  very  important  ones  of  sub-con- 
tracting, sureties  and  bankruptcy. 

Interpretation. — Interpretation  means  definition,  and  is  regu- 
lated by  the  intent  of  the  parties,  as  shown  by  the  written  instru- 
ment and  the  surrounding  circumstances;  but,  while  parol  evidence 
may  explain,  it  cannot  vary  or  modify  the  written  terms. 

Discharge. — Discharge  or  Termination  may  take  place  by 
waiver,  substituted  agreement,  substantial  performance,  breach, 
impossibility  of  performance,  and  by  operation  of  law. 

The  important  question  of  classification,  to  which  the  author 
devotes  much  of  his  paper,  deserves  consideration. 

The  classifications,  "Earth,"  "Loose  or  Soft  Eock,"  "Solid  .or 
Hard  Eock,"  as  the  author  says,  seem  to  be  founded  on  a  desire  to 
isolate  in  each  of  these  classes  those  materials  for  which  the  unit 
cost  of  handling  is  approximately  the  same.  The  author  then 
proceeds  to  make  his  suggested  improvements  on  a  similar  basis, 
though  the  paper,  in  its  analysis,  shows  that  while  the  factors  of 
cost  and  price  include  that  consideration,  others  are  quite  as  im- 
portant if  not  controlling.  There  seems  to  be  another  reason  for 
the  present  system  of  classification.  It  is  that  of  uncertainty  and 
a  desire  to  limit  to  some  class,  materials  for  which  the  engineer 
feels  unable  to  estimate  the  cost;  for  example,  "quicksand,"  in  the 
"Earth"  class. 

Believing  that  the  system  is  fundamentally  wrong,  the 
writer  cannot  agree  that  the  author's  suggestions  are  an  im- 
provement. Also,  it  does  not  appear  to  him  that  the  suggestions 
for  determining  the  class  will  work  satisfactorily  in  practice,  or 
lessen  the  usual  friction  and  differences  of  opinion.  The  author's 
suggested  classification  is,  indeed,  on  a  basis  of  loading  condition, 
and  approaches  closely  the  true  economic  relation;  but  his  method 
of  ascertaining  this  condition  would  seem  to  accomplish  nothing 
more  than  could  be  done  by  tests  more  scientific  in  principle  and 
quite  as  practicable.  Teams  and  plows  do  not  seem  to  be  in  accord 
with  the  present  rigid  tests  for  many  materials.  "Horse  power"  is 
no  longer  recognized  as  a  measure  of  the  working  force  of  an 
average  horse;  and  how  much  less  will  "two  men  working  to  keep 
one  man  busy"  measure  a  constant  standard  of  work,  when  so  much 
depends  on  their  strength,  temperament,  inclination  and  other 
characteristics?  Nor  is  there  any  accurate  measure  of  the  power 
of  explosives  to  overcome  the  resistance  of  materials.  Should  there 
not  be  as  fair  and  exact  tests  and  definitions  of  materials  for  de- 
struction furnished  by  the  employer,  as  of  materials  required  of  the 
contractor    for    construction?      Any    improvement    should    provide 
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Mr.  Bouton.  more  definite  information  for  the  bidder,  lessen  the  ambiguity  as  to 
what  price  will  be  paid,  and  thereby  lower  the  price. 

The  present  system  of  postponing  quality  as  well  as  quantity  of 
all  excavation  materials,  until  after  the  execution  of  the  contract,, 
induces  honest  differences  of  opinion  which  tend  to  weaken  the 
mutuality;  and  it  is  because  Mr.  Dennis  proposes  to  continue  what 
seems  to  be  a  fundamental  defect,  that  the  writer  disapproves  of  his 
recommendations,  even  if  his  criteria  are  practicable. 

A  responsible  contractor,  whatever  the  classification  specified,, 
endeavors  to  determine  exactly  the  quality,  quantity,  location  and 
disposition  of  the  material,  and  then,  according  to  his  resources,  ex- 
perience, and  the  specified  and  other  conditions,  he  will  add  to  his. 
estimated  cost  an  amount  which  he  hopes  will  include  a  profit.  He 
looks  for  cause  first  and  at  effect  next;  but  the  engineer  asks  for 
bids  on  effect  first,  and  ascertains  and  defines  cause  later.  The 
contractor's  time  to  investigate  is  usually  short,  and  if  the  data 
provided  by  the  engineer  are  insufficient  or  iinreliable,  and  his  own 
examination  is  unsatisfactory,  the  i;ncertainty  is  paid  for  in  the 
price.  The  price  of  the  usual  class  is  not  even  an  average  of 
quality,  though  the  materials  are  reasonably  ascertained,  for  the 
party  who  pays  does  not  determine  their  quality  at  the  time  the 
contract  is  executed;  and,  instead  of  paying  a  definite  price  for 
definite  materials,  the  employer  more  often  pays  a  price  safe  to  bid, 
on  what  may  prove  to  be  a  group  of  unlike  materials,  the  quality  and 
quantity  of  which  the  engineer  will  ascertain  and  determine  after 
the  price  is  made. 

Rock  formations,  for  which  the  usual  classification  strives  to  pro- 
duce a  lower  price,  might  be  said  to  be  confined  to  very  definite  kinds 
of  deposits,  generally  speaking,  stratified  rock  and  those  which  are 
imperfect  because  they  are  in  process  of  formation  or  disintegration. 
The  railroad  classification  clauses  quoted  by  the  author  refer — by 
name  and  character  of  deposit — to  well-known  materials,  as  criteria 
of  the  very  quality  they  attempt  otherwise  to  define  in  the  same 
clause,  and  thus  show  the  futility  of  trying  to  classify  quality.  If 
a  material  is  named,  its  quality  is  at  once  apparent  to  a  person  of 
average  intelligence. 

Geology  provides  a  classification  that  is  standard  throughout 
the  world  and  satisfies  every  requirement  of  practicability,  exact- 
ness and  inflexibility.  The  names  given  to  individual  rocks  and 
deposits  of  Nature  are  so  invariable  that  their  physical,  if  not  their 
chemical  and  mineralogical,  characteristics  are  known  to  most 
parties  likely  to  be  interested,  and  further  information  regarding 
them  can  be  readily  obtained. 

With  this  as  a  natural,  scientific  and  established  basis,  and  also 
the  very  one  by  which  the  contractor  consciously  or  unconsciously 
determines  costs,  the  writer,  without  assuming  to  tabulate  all  the 
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materials  that  should  be  found  in  each  class,  proposes  the  following  Mr.  Bouton. 
scheme  of  classification : 

Soil. — Soil  shall  be  rock  or  like  material,  the  particles  of  which 
are  not  cemented  together,  but  are  in  a  granulated  or  powdered 
condition  when  dry;  and  shall  include  material,  wet  or  dry,  as 
found  in  its  natural  state.  The  various  soils  shall  include  sand, 
earth,  clay,  gravel,  muck,  gumbo,  quicksand,  and  others  that  satisfy 
the  definition  in  this  clause. 

Indeterminate. — Materials  in  the  indeterminate  class  shall  be 
rock,  or  like  material  in  process  of  formation  or  deterioration,  the 
constitiaent  particles  of  which  are  suiEciently  cemented  together  to 
support  their  own  weight  without  breaking  or  cracking  either  when 
dry  or  wet ;  also,  rock  of  any  kind  found  in  masses  exceeding  1 
cu.  ft.,  but  not  exceeding  J  cu.  yd.,  in  volume,  as  a  result  of  fracture 
or  any  other  natural  cause.  The  materials  in  this  class  shall  include 
indurated  clay,  cemented  gravel,  hardpan,  weathered,  decayed  or 
otherwise  deteriorated  rock,  boulders  or  fractured  rock  not  exceed- 
ing h  cu.  yd.  in  volume,  and  others  satisfying  the  definition  in  this 
clause. 

Rode. — Rock  shall  be  mineral  masses  composed  of  materials,  the 
particles  of  which  are  in  a  state  of  perfect  cohesion,  as  usually  de- 
termined geologically  for  its  kind,  and  not  yet  deteriorated  to  any 
appreciable  depth  from  any  given  natural  exposed  face.  They 
shall  be  classified  generally  as  follows,  for  masses  exceeding  i  cu. 
yd.  in  volume : 

I. — Of  physical  character  similar  to  that  of  deposits  known 
geologically  as  aqueous,  including  shale,  slate,  sandstone,  lime- 
stone, etc. 

II. — Of  physical  character  similar  to  that  of  deposits  known 
geologically  as  metamorphic  and  igneous,  including  trap,  granite, 
gneiss,  syenite,  marble,  mica-schist,  and  some  sandstone,  etc. 

Extraordinary.- — Extraordinary  shall  be  special  work  of  any 
character  to  be  defined  as  occasion  arises,  before  letting  the  con- 
tract if  possible,  and  paid  for  on  a  basis  regulated  by  the  circum- 
stances.    For  example : 

Foundation. — The  foundation  shall  be  of  a  character  preliminary 
and  consequent  to  the  placing  and  location  of  permanent  work  and 
materials  below  or  above  the  average  water  level  of  the  site,  and 
shall  include  all  false-work,  materials,  labor,  and  the  use  of  plant 
and  appurtenances  that  the  contractor  deems  necessary,  provides 
and  uses,  for  successfully  completing  and  maintaining  the  condi- 
tions of  preparation  and  location  of  permanent  work  built  and  left 
as  finished  at  the  particular  site  in  question.  Foundations  shall  be 
classified  as : 

(a)  Dry — Above  water  level; 
(fe)  Wet — Below  water  level. 
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Mr.  Houton.         On  this  basis,   a  schedule  should  be  formed  from   the  country 
rocks  and  soils  expected  or  likely  to  be  found  at  the  location.     If 
the  rocks  and  soils  are  of  unusual  character,  the  schedule  should 
include    a    reference    to    materials   usually    found    elsewhere,    as    a 
basis  of  comparison.     Under  the  general  heads  just  given,  each  ma- 
terial should  be  mentioned  by  name  in  its  proper  place,  and  a  bid 
should  be  asked  for  each  separate  item  scheduled.     For  each  or  any 
material  which  may  be  found  in  course  of  excavation,  but  which  is 
not  expected,  or  is  of  doubtful  quality,  it  should  be  specified  that  it 
shall  be  placed  in  one  of  the  general  classes  and  be  paid  for  at  the 
price  bid  for  the  material  or  rock  which  it  most  nearly  resembles. 
It  should  be  specified  that  disputes  shall  be  settled  by  submitting 
standard  samples  to  a  third  competent  party  for  such  classification, 
or,  if  necessary,  by  tests  of  the  same  general  character  as  those  now 
provided  for  natural  and  artificial  rock,  stone  and  materials  used 
in  construction  as  building  stone,  sand,  cement,  concrete,  brick  and 
the  like.     The  standard  tests  might  include  and  provide  for  a  selec- 
tion of  the  following  for  each  material  or  rock:     Heat,  absorption, 
specific  gravity,  fracture,  attrition,  tension,  compression,  cohesion, 
adhesion,  formation  and  other  physical,  chemical  and  mineralogical 
attributes. 

The  test  of  heat,  absorption,  compression  and  tension  would  be 
likely  to  remove  any  reasonable  doubt  as  to  whether  any  material — 
such  as  hardpan — should  be  classed  as  "Soil,"  "Intermediate,"  or 
"Eock." 

It  might  be  advantageous,  in  many  instances,  to  use  Class  1, 
Class  2,  etc.,  or  Class  A,  Class  B,  etc.,  as  alternative  headings  for 
those  given  in  the  suggested  classification  herein;  but,  whenever 
the  present  general  practice  of  classification  is  used,  classification 
by  numbers  or  by  letters  is  far  preferable  to  the  terms  "Earth," 
'TLoose  or  Soft  Rock,"  and  "Solid  or  Hard  Eock."  The  latter 
terms,  almost  invariably,  designate  a  classification  including  ma- 
terials distinctly  different,  and  the  continued  use  of  such  terms  is 
certain  to  perpetuate  the  past  and  present  difiiculties  of  interpre- 
tation. 

Eigidity  is  not  suggested,  and  modification  will  be  necessary  in 
each  particular  instance;  but  the  advantage  of  a  certain,  estab- 
lished, reasonable  custom,  in  the  rules  of  evidence,  cannot  be  over- 
estimated. 

How  far  this  or  a  similar  classification  may  have  been  advo- 
cated, or  adopted  and  rejected  as  impracticable,  in  the  past,  the 
writer  is  unaware,  but  will  be  pleased  to  learn. 
Mr.' Wagner.  Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E.  (by  letter). — The 
writer  is  decidedly  in  favor  of  an  unclassified  price  for  excava- 
tion, under  most  conditions  of  a  general  character,  and  more  par- 
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ticularly  where  municipal  work  is  concerned,  or  where  a  munici-  Mr.  Wagner- 
pahty  is  interested  in  the  contract.  Where  such  price  is  unclassi- 
fied, he  considers  that  the  contractor  is  entitled  to  all  the  data  which 
can  reasonably  be  obtained  by  the  engineer.  General  plans  show- 
ing the  roads,  railroads,  and  means  of  access  to  the  work,  and 
profiles  showing  the  cuts  and  fills,  and  the  approximate  distribu- 
tion of  the  material,  should  be  given.  Water-jet  borings  should 
also  be  made  at  reasonable  intervals.  While  borings  of  this  class, 
as  a  riile,  are  very  unsatisfactory  for  showing  the  character  of  the 
rock  formation,  they  can  be  used  to  show  a  reasonable  line  of 
demarcation  between  earth  and  rock,  and  thus  furnish  a  basis  by 
which  the  contractor,  in  making  up  his  bid,  can  determine  the 
relative  proportions  of  each. 

The  writer  has  in  mind  a  large  piece  of  municipal  work  exe- 
cuted under  his  charge,  involving  about  1  000  000  cu.  yd.  of  exca- 
vation, on  which  an  unclassified  price  was  used,  and  on  which 
frequent  water-jet  borings  w'ere  made.  As  the  work  progressed, 
the  borings  were  found  to  show,  almost  invariably,  the  approxi- 
mate line  of  the  rock,  and  the  contractor  was  able  to  make  a  price 
which  was  equitable  to  both  parties. 

The  compilation  of  the  practice  on  different  railroads,  made  by 
the  author,  is  interesting  and  startling  in  the  differences  shown  in 
the  specifications  for  the  classification.  On  the  road  with  which 
the  writer  is  connected  (The  Philadelphia  and  Reading  Railway), 
the  practice  varies.  When  classified,  the  following  specification 
is  used : 

"Excavations  shall  be  classified  under  the  following  heads: 
Solid  Rock,  Loose  Rock,  Earth,  and  Excavations  in  Water. 

"Solid  rock  shall  include  all  rock  found  in  ledges  and  in  de- 
tached masses,  exceeding  1  cu.  yd.  each,  which,  in  the  judgment 
of  the  Chief  Engineer,  may  best  be  removed  by  blasting. 

"Loose  rock  shall  include  all  kinds  of  shale,  soapstone  and 
other  rock  which  can  be  removed  by  pick  and  bar,  and  is  soft  and 
loose  enough  to  be  removed  without  blasting,  although  blasting 
may  occasionally  be  resorted  to :  also  detached  stones  of  less  than 
1  cu.  yd.  and  more  than  1  cu.  ft. 

"Earth  shall  include  all  materials  of  an  earthy  nature,  of  what- 
ever name  and  character,  not  unquestionable  rock,  as  above  de- 
fined. 

"Excavations  in  water  shall  apply  to  foundation  pits  under 
water,  and  deepening  of  channels  in  running  water :  it  shall  in- 
clude drainage,  bailing,  pumping  and  all  materials  and  labor  con- 
nected with  such  excavations:  also  the  necessary  dressing  of  rock 
for  the  base  course  of  masonry.  The  materials  removed  from  ex- 
cavations in  water  shall  be  classified  and  determined  in  the  same 
manner  as  materials  removed  from  other  classes  of  excavations, 
viz.,  as  solid  rock,  loose  rock  and  earth." 
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Mr.  Waguer.  The  writer  fears  that  the  classification  proposed  by  the  author 
will  be  very  difficult  to  apply  practically,  and  will  not  simplify 
the  question. 

One  trouble  with  classified  work  is  the  difficulty  in  verifying 
the  actual  conditions  if  a  dispute  arises  after  the  work  is  done. 
This  calls  attention  to  the  necessity  of  the  engineer  and  con- 
tractor taking  up  and  settling  on  the  ground  from'  day  to  day 
such  questions,  and  not  waiting  until  the  progress  of  the  work 
has  obliterated  all  traces  of  the  actual  conditions. 

It  is  a  great  mistake  to  include,  in  any  price  bid  by  the  con- 
tractor, anything  more  than  the  actual  items  which  are  distinctly 
appurtenant  thereto,  unless  the  specifications  can  indicate  pre- 
cisely what  is  to  be  included.  Even  then,  in  most  cases,  it  is  better 
to  have  in  the  proposal  special  items  for  the  extra  work.  Nothing 
is  more  unfair  than  to  ask  a  contractor  to  do  something  which 
cannot  be  distinctly  shown  on  the  drawings  or  specified  in  advance. 

The  writer  does  not  believe  in  extra  work — that  is,  force-account 
work — where  it  can  be  avoided,  but  in  some  cases  it  is  the  only 
fair  method  to  be  pursued.  In  such  cases  it  would  seem  to  be 
wise  to  have,  in  the  proposal,  prices  agreed  upon  to  be  paid  for  the 
several  classes  of  labor,  and  if  the  quantities  are  checked  daily  by 
the  engineer  and  contractor  it  is  certainly  an  equitable  method  of 
procedure,  and  open  to  no  serious  objection.  In  such  cases  it 
should  be  understood  that  such  prices  include  a  necessary  per- 
centage for  the  use  of  ordinary  tools,  cost  of  superintendence,  and 
profit. 

The  writer  thoroughly  agrees  with  the  author  that  nothing 
should  be  asked  in  a  specification  which  is  not  practicable  in  the 
work.  Such  clauses  should  be  omitted  by  all  means.  Many  clauses 
of  this  kind  creep  into  specifications  because  they  have  been  in 
previous  ones,  and  their  presence  is  due  to  the  shears  and  paste 
pot  more  than  to  anything  else. 

It  is  unfortunate  that  much  work  has  to  be  put  under  con- 
tract without  the  preparation  of  thoroughly  digested  plans  and 
detailed  specifications,  but  conditions  often  require  such  work  to 
be  done.  Often,  too,  the  right  of  way  in  certain  localities  cannot 
be  obtained  before  the  work  is  put  under  contract.  In  such  cases, 
the  responsibility  of  the  engineer,  in  determining  the  equity  be- 
tween his  employer  and  the  contractor,  is  very  great.  There  are 
few  engineers  who  would  not  rather  wait  until  these  points  are 
cleared  up  before  asking  for  bids,  but  too  often  the  conditions 
will  not  allow  it. 

Some  specifications  require  the  contractor  to  be  responsible 
for  any  damage  which  may  occur  to  property,  etc.,  during  the 
progress  of  the  work.     This   clause   has   interested  the  writer  for 
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many   years.     His   experience   has   been   that,   no   matter   how   the  Mr.  Wagner. 

contract  be  worded,  so  as  to  make  the  contractor  responsible,  the 

courts  will  not  hold  him  so  if  it  can  be  shown  that  he  has  carried 

on  his  work  in  the  usual  manner  in  which  such  work  is  carried 

on  by  a  good  and  successful  contractor.     It  is  necessary  to  prove 

negligence  in  order  to  hold  him,  and  such  proof  is  not  easy.     The 

writer  is  of  the  opinion,  therefore,  that  it  is  better  to  omit  such 

clauses,   direct   the    contractor   how   to    proceed    in   detail   in    cases 

reqviiring   care,   and   take   the   responsibility,    than    to    retain    the 

clause  and  have  the  contractor  add  a  contingent  item  when  making 

his  bid  in  order  to  cover  imaginary  cases  which  may  never  occur. 

The  author  is  to  be  congratulated  on  the  preparation  of  a  paper 
so  rich  in  problems  which  are  of  frequent  occurrence,  and  it  is  to 
be  hoped  that  the  disciission  will  he  fruitful  in  clearing  up  many 
points  upon  which  an  improvement  can  undoubtedly  be  made. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note.— Memoirs  will  be  reproduced  in  the  volumes  of  7'ransactions.  Any  informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


CHARLES  HUMPHREYS,  M.  Am.  Soc.  C.  E.* 


Died  November  18th,  1906. 


Charles  Humphreys  was  born  on  May  2d,  1853,  in  Lowell, 
Massachusetts,  where  his  father,  Joshua,  though  still  in  the  Navy 
of  the  United  States,  bi:t  on  leave  of  absence,  was  in  charge  of 
the  Middlesex  Mills  of  that  town.  His  mother  was  Miss  Margaret 
Chandler,  of  Georgetown,  D.  C.  His  father  entered  the  United 
States  Navy  as  a  Midshipman  in  1829,  being  third  in  his  class. 
In  the  War  with  Mexico  he  served  with  credit  in  the  fleet  before 
Vera  Cruz,  and  did  other  valuable  duty,  on  surveys,  etc.  He  re- 
signed from  the  Navy  in  1853,  and  was  engaged  in  civil  pursuits 
until  the  War  between  the  States  began.  He  then  entered  the 
service  of  the  Southern  Confederacy.  Joshua  Humphreys  died  in 
Fredericksburg,  Virginia,  in  November,  1873,  at  the  age  of  sixty. 

The  ancestors  of  Mr.  Charles  Humphreys  came  from  Wales  as 
early  as  1682  and  settled  at  Haverford,  Clinton  County,  now  Dela- 
ware County,  Pennsylvania,  near  Philadelphia.  His  great  grand- 
father, Joshua,  was  in  the  military  service  at  the  battle  of  Trenton, 
and  thereafter  until  the  close  of  the  War  of  the  Eevolution.  He 
was  a  member  of  the  Philosophical  Society  of  Philadelphia.  This 
Joshua  was  one  of  a  group  of  famous  builders  of  that  period;  and, 
in  1792,  when  the  navy  had  become  a  matter  of  general  interest, 
he  ventured  to  send  letters,  giving  his  views  of  the  needs  of  the 
situation,  to  Robert  Morris  and  to  General  Knox,  then  Secretary 
of  War  and  Navy.  In  these  suggestions  are  already  to  be  discerned 
the  principal  elements  in  American  success  in  ship  building — 
originality  and  adaptation  to  our  own  circumstances.  Humphreys 
claimed  that  as  the  number  of  our  vessels  would  necessarily  be 
inferior  to  that  of  the  European  navies,  ours  must  be  light  enough 
and  fast-sailing  enough  either  to  decline  a  battle  or  accept  it  at 
will;  and  yet,  if  our  vessels  should  enter  a  battle,  they  must  be 
equal  in  fighting  abilities,  vessel  for  vessel,  to  any  vessel  of  any 
size.  He  proposed,  therefore,  to  make  the  vessels  larger  and  longer, 
and  yet  lower,  than  the  existing  type.  The  same  number  of  guns 
could  then  be  placed  on  one  deck  as  had  previously  been  placed  on 
two,  and,  either  in  heavy  winds  or  in  light,  they  could  outsail  exist- 
ing European  ships,  could  easily  overcome  those  of  the  same  rate, 
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and  meet  on  equal  terms  those  of  a  higher  rate.  His  suggestions 
were  accepted,  and  when  Congress  ordered  the  building  of  six  ships 
of  war,  Humphreys  was  instructed  to  prepare  the  models  for  them. 
He  did  so,  and  the  six  vessels,  Chesapeake,  Constellation,  Constitu- 
tion, President,  Congress,  and  United  States,  were  built  at  various 
places  on  his  model,  the  last  in  his  own  shipyard  at  Southwark, 
Philadelphia.  The  ship-of-the-line,  Philadelphia,  launched  in  1799, 
was  also  built  by  Humphreys  at  his  own  yard.  The  work  done  by 
these  vessels  fully  justified  the  ideas  of  their  builder.  Their  model 
exerted  a  very  great  influence,  not  only  on  our  own  subsequent 
navy,  but  on  that  of  England  and  other  countries  as  well. 

Charles,  the  brother  of  Joshua,  was  an  active  and  influential 
member  of  the  Continental  Congress  from  1774  to  1776. 

Samuel  Humphreys,  the  son  of  Joshua,  was  brought  up  in  the 
shipyard,  taking  charge  of  the  business  in  1808,  being  appointed 
constructor  for  the  Philadelphia  Navy  Yard  in  1813,  and  Chief 
Naval  Constructor  of  the  United  States  in  1826,  a  position  which 
he  held  until  his  death,  in  1846,  in  Georgetown,  D.  C.  He  was  the 
builder  of  the  steam  frigate,  Mississippi,  Perry's  flagship  in  the 
Mexican  War  and  in  his  expedition  to  Japan.  Great  pecuniary 
and  other  inducements  were  offered  to  him  to  enter  the  service  of 
Russia,  but  he  preferred  to  devote  his  time  and  talents  to  his 
native  land. 

Major  General  Andrew  A.  Humphreys,  uncle  of  the  subject  of 
this  sketch,  after  being  graduated  at  West  ■  Point,  served  in  the 
Indian  War  in  Florida,  and  won  great  distinction  as  a  member  of 
the  Corps  of  Topographical  Engineers  of  the  United  States  Army, 
especially  for  his  studies  and  writings  on  the  "Hydraulics  of  the 
Mississippi  River,"  and  the  surveys  for  the  locations  of  the  trans- 
continental railways.  In  the  War  between  the  States  he  was  gallant 
and  prominent  as  Chief  of  Staff  and  as  a  Corps  Commander  in  the 
Army  of  the  Potomac.  After  that  War  he  became  Chief  of  the 
Corps  of  Engineers  of  the  Army. 

The  career  of  Charles  Humphreys  was  cut  short  by  death  in 
Washington,  D.  C,  on  November  18th,  1906.  His  health  had  failed 
for  several  years.  His  disease  was  incurable  by  medicine,  and  an 
operation  would  have  been  fatal.  His  last  illness  was  tedious,  but 
he  was  comforted  by  the  devoted  attentions  of  his  wife  and  children, 
and  bore  his  suffering  with  the  fortitude  of  a  brave  man  and  the 
patience  and  resignation  of  a  sincere  Christian. 

He  entered  the  service  of  the  United  States  at  the  age  of  seven- 
teen, in  a  subordinate  position,  and  did  not  have  the  advantage 
of  a  technical,  collegiate  education;  but  his  natural  ability,  his 
strict  and  faithful,  attention  to  every  detail  of  duty,  with  thorough 
study   of    every   subject   in   the  profession   which   came   under  his- 
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care,  and  a  wide  and  varied  experience,  made  him  one  of  the  most 
capable,  trusted  and  successful  civil  engineers.  He  was  engaged 
for  thirty-seven  years  upon  the  improvement  of  rivers  and  harbors 
and  the  construction  of  the  fortifications  of  the  country.  As  a 
surveyor  and  draftsman,  he  was  specially  expert  and  careful.  He 
inspected  the  quarrying,  cutting  and  erection  of  the  beautiful  Cen- 
tennial Monument  at  Yorktown,  Virginia.  He  was  engaged  for  a 
number  of  years  on  the  movable  dams  of  the  Great  Kanawha  and 
Ohio  Rivers;  on  the  improvement  by  jetties  of  the  bar  at  the 
entrance  of  Winyaw  Bay,  South  Carolina;  on  the  improvement  by 
dredging  of  the  bar  at  the  mouth  of  Cape  Fear  River,  North 
Carolina;  of  the  Patapsco  River  in  Maryland;  of  the  harbor  of 
Norfolk,  Virginia ;  and  was  connected  with  many  other  improve- 
ments of  less  importance. 

He  was  held  in  the  highest  esteem  by  all  his  official  superiors, 
by  his  comrades,  and  by  those  who  served  under  him. 

The  following  extract  from  a  letter  of  an  officer  of  the  United 
States  Corps  of  Engineers  is  but  a  sample  of  many  that  have  been 
received : 

"In  all  the  relations  of  life  in  which  I  knew  or  observed  him, 
in  his  family,  among  his  associates,  and  in  his  official  duties,  he 
was  a  man  of  the  most  sterling  character  and  qualities.  As  Assist- 
ant Engineer,  he  was  thorough  and  efficient  in  the  office,  in  the 
field,  in  important  surveys,  and  upon  works  in  the  immediate  di- 
rection and  management  of  men. 

"As  an  engineer,  his  observation  was  close  and  intelligent,  and 
his  judgment  sound. 

"He  was  utterly  unsparing  of  himself,  in  his  industry  and  ap- 
plication in  the  office,  and  in  exposure  of  himself  in  the  field. 
Such  was  his  simplicity  of  character,  modesty,  and  forgetfulness 
of  self,  that  he  was  little  adapted  to  obtaining,  of  himself,  what 
his  merits  deserved. 

"He  was  a  vestryman  and  warden  in  a  struggling  church  at 
Wilmington,  North  Carolina,  and,  in  his  simple,  retiring  way,  was 
of  excellent  influence  in  his  community. 

"I  lament  his  death,  and  shall  ever  bear  him  in  affectionate 
remembrance." 

The  following  short  extracts  are  from  a  letter  of  an  associate 
who  knew  him  very  intimately: 

"Charley  was  a  man  clear  through — one  of  the  best  kind — a 
practical,  well-informed,  affectionate  fellow,  with  no  frills,  and 
one  who  could  be  relied  upon  to  an  unlimited  extent.  His  sym- 
pathies were  excited  by  anyone  in  the  least  distress,  real  or 
imaginary,  and  it  came  as  natural  to  him  to  give  comfort  as  it  is 
for  water  to  run;  he  could  not  help  but  do  it.  He  learned  his 
profession  in  a  practical  way  while  working  in.  the  field  or  at  the 
drafting  board,  with  books  as  his  companions  in  both  places.     He 
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was  very  studious  of  technical  books  of  the  profession  he  loved, 
and  was  assisted  in  his  progress  by  his  aptness  with  mechanical 
tools,  of  which  he  purchased  many  and  used  them  in  making  models 
of  bridges  and  other  engineering  structures.  In  these  models  he 
delighted  in  demonstrating  that  the  structures  were  symmetrical 
and  the  different  parts  nicely  adjusted  to  the  relative  strains.  In 
this  thorough,  practical  way  he  learned  his  profession;  and  the 
way,  in  my  opinion,  illustrated  the  manliness  of  the  man. 

"Officially,  Charley  was  unostentatious,  but  never  undignified. 
His  manner  was  plain  and  kind,  but  there  was  a  something,  inde- 
scribable but  recognizable,  about  him  that  repelled  all  presuming 
upon  it  to  take  advantage  of  his  good  nature.  I  always  thought  him 
an  ideal  man  and  official — not  brilliant  or  dashing,- but  faithful  to 
the  point  of  utter  reliability  in  every  direction." 

Many  other  letters  of  similar  tenor  could  be  added,  and  the 
present  writer,  who  knew  Mr.  Humphreys,  as  boy  and  man,  for 
nearly  forty  years,  can  heartily  concur  in  all  that  has  been  said  by 
others,  and  wishes  to  add  his  own  testimony  to  the  purity  and 
excellence  of  his  character  as  a  man,  and  his  ability  and  unusual 
merit  as  an  official. 

Charles  Humphreys  married  Miss  Elizabeth  C.  Hungerford,  a 
member  of  an  old  and  prominent  family  of  Maryland.  He  left 
three  children,  two  daughters  and  a  son,  the  last  taking  up  the 
profession  of  his  father,  after  being  graduated  at  the  Rensselaer 
Polytechnic  Institute  at  Troy,  New  York. 

Mr.  Humphreys  was  elected  a  Member  of  the  American  Society 
of  Civil  Engineers  on  February  1st,  1905. 
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COMPARISON    BETWEEN   RAINFALL   AND   RUN- 
OFF  IN  THE  NORTHEASTERN 
UNITED  STATES. 


By  John  C.  Hoyt,  Assoc.  M.  Am.  Soc.  C.  E. 
To   Be  Presented   September   -Itii,   1907. 


Until  within  a  comparatively  recent  date  it  has  been  the  conunon 
practice  of  engineers  to  estimate  the  discharge  of  surface  streams 
from  precipitation  data.  This  practice  was  necessary  because  of  the 
comparatively  few  reliable  data  in  regard  to  stream  flow%  and,  al- 
though responsible  for  many  wild  estimates,  it  has  served  a  viseful 
purpose  and  has  become  so  common  that  many  engineers  have  per- 
sisted in  its  use  even  when  reliable  run-off  data  were  available. 

During  the  past  ten  years  a  large  amount  of  information  has 
been  collected  by  the  United  States  Government  and  by  private 
parties,  in  regard  both  to  precipitation  and  to  stream  run-off,  which 
makes  it  now  possible  to  compare  in  detail  the  relation  betweer 
these  two  phenomena.  Such  a  study,  for  the  northeastern  portion 
of  the  United  States,  is  herein  presented. 

The  tables*  used  for  the  comparison  show,  not  only  the  rela- 
tion of  the  rainfall  to  the  run-off,  but  have  also  the  additional  prac- 
tical value  of  serving  as  a  basis  for  predicting  the  average  run-off 
which  may  be  expected  in  the  areas  which  have  been  investigated. 

*  Acknowledgment  is  made  to  Mr.  Fred  F.  Henshaw  for  his  assistance  in  the  prepa- 
ration of  the  tables. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
^finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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At  the  start  it  was  intended  to  extend  the  comparisons  to  all 
sections  of  the  United  States  where  rnn-oflf  data  are  available.  The 
time  required  for  such  an  extensive  study  would  have  been  so  great, 
however,  that  it  has  been  decided  to  present  the  data  now  in  hand, 
covering  only  the  northeastern  portion  of  the  United  States. 

Eainfall  Data. 

The  rainfall  data  have  been  collected  by  the  United  States 
Weather  Bureau.  Tn  using  them,  the  following  conditions  must  be 
considered : 

The  plan  of  the  Weather  Bureau  is  to  establish  a  precipitation 
station  in  each  county;  therefore,  in  most  of  the  areas  considered, 
the  horizontal  distribution  of  the  stations  is  uniform  and  quite 
representative.  This  is  not  generally  the  case,  however,  with  the 
vertical  distribution  of  the  stations,  as  the  location  of  the  gauge 
depends  in  a  large  measure  on  the  accessibility  of  a  reliable  ob- 
server and  a  telegraph  station,  and  these  are  not  generally  avail- 
able at  the  higher  altitudes.  Most  of  the  stations  have  been  located 
at  low  or  medium  elevations ;  and,  as  but  few  definite  data  are 
available  on  the  effects  of  elevation  on  precipitation,  it  has  been 
impracticable  in  this  study  to  allow  for  this  factor. 

A  rain  gauge  collects  the  precipitation  that  falls  on  a  few 
square  inches  of  surface;  therefore,  in  order  to  measure  accurately 
the  average  precipitation  over  a  large  area,  there  should  be  many 
rain  gauges.  As  the  gauges  are  always  few  in  number,  an  extreme 
precipitation  occurring  on  a  comparatively  small  area  may  not  be 
recorded. 

No  satisfactory  method  has  yet  been  devised  for  obtaining  re- 
liable data  in  regard  to  precipitation  in  the  form  of'  snow,  and 
practically  no  data  have  been  collected  to  show  the  quantity  of 
Avater  stored  as  snow  at  the  end  of  each  month.  There  is  intro- 
duced, therefore,  an  uncertainty  in  the  winter  records  which  makes 
it  necessary  to  study  the  winter  period  as  a  whole. 

It  is  assumed  that  for  any  month  the  mean  rainfall  over  the 
v/hole  area  is  the  mean  of  the  monthly  rainfalls  at  the  various  sta- 
tions in  that  area.  Based  upon  this  assumption,  the  monthly  and 
yearly  rainfalls  have  been  determined  for  each  of  the  years  when 
run-off  records  were  available. 
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Records  of  precipitation  were  lacking  for  many  months  in  these 
years.  In  all  such  cases  the  mean  of  the  available  records  was 
taken  as  the  mean  for  the  month  in  question;  therefore,  it  may 
happen  that  the  mean  for  January  may  be  obtained  from  records 
of  20  stations,  while  the  mean  for  February  may  come  from  only  15 
stations.  In  Table  2  the  last  colinnn,  "Number  of  precipitation 
stations,"  shows  the  least  number  of  stations  used  for  any  month  of 
the  year. 

Run-off  Data. 

The  run-oft"  data  used  in  this  study  have  been  taken  from  the 
records  of  the  United  States  Geological  Survey.  The  data,  in  all 
cases,  have  been  reviewed  and  brought  to  a  uniform  basis,  special 
attention  being  given  to  the  winter  estimates. 

The  run-off  of  a  stream  results  from  precipitation,  and  is  the 
water  left  after  evaporation,  vegetation,  seepage,  etc.,  have  been 
satisfied,  plus  the  flow  from  ground-water.  The  seasonal  distribution 
and  rate  of  run-off  depend  mainly  upon  climate,  topography,  geology,, 
vegetation,  and  ground,  snow,  or  surface  storage.  Owing  to  lack 
of  detailed  information  in  regard  to  "these  regulating  factors  no 
attempt  has  been  made  to  discuss  the  magnitude  of  their  effects. 

Comparison  of  Rainfall  and  Run-off. 

In  order  to  compare  rainfall  and  run-off,  the  data  have  been 
expressed  as  "depth  in  inches,"  over  the  drainage  basins  in  ques- 
tion, for  uniform  periods  of  time,  usually  the  calendar  month. 
This  period,  however,  is  too  short  for  comparison,  and  leads  to  re- 
sults which  are  apparently  erroneous,  because  heavy  precipitation 
may  occur  at  the  end  of  the  month  and  not  appear  as  run-off  until 
the  following  month. 

The  year  is  a  better  period  for  the  comparison  of  these  quanti- 
ties, but  is  not  entirely  satisfactory.  The  calendar  year  is  un- 
satisfactory because  the  conditions  of  snow  and  ground  storage  are 
not  the  same  at  the  end  of  each  calendar  year.  A  year  beginning 
with  October  1st  makes  a  much  better  period,  because  on  that  day 
conditions  are  much  more  nearly  uniform  for  successive  years,  as 
there  is  no  snow  storage,  the  ground-water  will  have  been  lowered 
to  about  the  same  level  each  year,  and  the  ground  storage  is  gen- 
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erally  a  minimum.     This  period,  therefore,  has  been  used  in  the 
following  comparisons. 

Areas  Considered  in  the  Comparisons. 

The  areas  used  in  this  discussion  are  indicated  in  Table  1  and 
shown  on  Plate  LIII.  These,  with  the  exception  of  the  Ohio  above 
Wheeling,  drain  into  the  North  Atlantic  Ocean,  and  are  represen- 
tative of  the  New  England  States,  New  York,  New  Jersey,  Penn- 
sylvania, Maryland,  Virginia  and  West  Virginia. 

The  stations  lowest  down  in  the  drainage  basin,  with  the  ex- 
ception of  the  Roanoke  drainage,  have  been  designated  "principal 
stations,"  and  those  in  the  upper  portions  of  the  area,  "secondary 
stations." 

TABLE  1.— List  of  Areas. 


River. 


Connecticut. 
Housatonic. . . 
Susquehanna 
Susquehanna 
Susquehanna 

Ohio 

Potomac 

Shenandoah . . 

James 

James 

James 

Appomattox. 

Roanolie 

Roanoke  


Drainage  above: 


Orford,  N.  H. 
Gaylordsville.  Conn. 
Hari'isburg,  Pa. 
Wilkes-Barre,  Pa.* 
Williamsport,  Pa.* 
Wheeling,  W.  Va. 
Point  of  Rocks,  Md. 
Millvdle,  W.  Va.* 
Cartersville,  Va. 
Buchanan,  Va.* 
(Glasgow,  Va.* 
Mattoax,  Va.* 
Roanoke,  Va. 
Randolph,  Va.* 


Drainage 

area, in 

square 

miles. 


3  050 

1  020 
34  0-30 

9  810 

5  640 
23  820 

9  650 
3  000 

6  332 

2  060 
830 
745 

•     390 

3  080 


Length 

of 
records, 
in  years. 


■  Secondary  stations. 


Description  of  Tables. 

For  comparative  purposes,  the  following  tables  have  been  pre- 
pared : 

Table  1. — List  of  areas. 

Table  2. — Monthly  rainfall,  run-off,  run-off  in  percentage  of 
rainfall,  and  loss,  over  the  area  above  each  gauging  station. 

Table  3. — Monthly  and  yearly  maximum',  minimum  and  me£ln 
'rainfall,  run-off,  run-off  in  percentage  of  rainfall,  and  loss  for  an 
average  year  over  the  area  above  each  gauging  station. 
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Table  4. — Yearly  rainfall,  run-off,  run-off  in  percentage  of  rain- 
fall, and  loss,  over  the  Susquehanna,  Potomac,  James  and  Roanoke 
basins. 

Table  5. — Yearly  rainfall,  run-off,  run-off  in  percentage  of  rain- 
fall, and  loss,  over  the  area  above  each  principal  station. 

Table  6. — The  winter  rainfall,  run-off,  run-off  in  percentage  of 
rainfall,  and  loss,  as  indicated  by  the  months  of  December,  Janu- 
ary, February,  March  and  April;  and  the  growing  period  of  rain- 
fall, run-off,  run-off  in  percentage  of  rainfall,  and  loss,  as  indicated 
by  the  months  of  Jinie,  Jvily  and  August. 

General  Discussion. 

The  drainage  basins  considered  may  be  grouped  as  follows :   • 
First. — High    latitudes,    as    represented    by    the    Connecticut 

above  Orford,  N.  H. 
Second. — Coast   area,    as    represented   by   the   Housatonic   at 

Gaylordsville,  Conn. 
Third. — Medium  latitude  areas,  as  indicated  by  the  Ohio  at 

"Wheeling,  W.  Va.,  and  the  Susquehanna  at  Harrisburg, 

Pa. 
Fourth. — Mountain-surrounded    area,    as    indicated    by    the 

Potomac  above  Point  of  Rocks,  Md. 
Fifth. — Southern  areas,  as  shown  by  the  James  above  Car- 

tersville,  Va.,  and  the  Roanoke  above  Roanoke,  Va. 

The  general  conditions  of  rainfall  a^id  run-off  in  the  various 
basins  are  shown  in  Table  3,  which  gives  the  mean  monthly  and 
yearly  values  for  those  basins. 

Neglecting  the  data  for  the  Housatonic  and  Potomac  drainages, 
which  are  in  special  classes.  Table  3  shows  a  gradually  increasing 
rainfall  from  the  north  to  the  south,  varying  from  36.76  in.  in  the 
Connecticut  drainage  to  42.68  in.  in  the  Roanoke  drainage.  The 
large  rainfall  above  Gaylordsville  (47.86  in.)  is  explained  by  its 
proximity  to  the  coast  line,  where  the  evaporation,  and  therefore 
the  rainfall,  is  much  greater  than  in  the  interior.  The  low  rain- 
fall in  the  Potomac  basin  (36.86  in.)  may  be  accounted  for  by  the 
topography  of  this  basin,  a  large  portion  of  which  is  surrounded  by 
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RELATION  BETWEEN 

ANNUAL  RAINFALL 

AND 

RUN-OFF 


The  complete  columns  represent  the 
total  annual  rainfall,  in  inches; 

The  solid  portions  of  the  columns 
represent  the  run-off,  in  inches. 
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high  mountains  which  precipitate  a  large  percentage  of  the  moisture 
from  the  rain  clouds,  and  thus  reduce  the  rainfall  beyond  them. 

The  run-off  is  very  consistent  in  the  various  groups,  and  de- 
creases toward  the  south,  although  the  rainfall  increases.  It  is 
about  60%  of  the  precipitation  in  the  northern  areas,  55%  in  the 
intermediate  areas  and  40%  in  the  southern  areas.  This  decrease  in 
run-off  is  due  to  the  increase  in  evaporation  and  the  loss  by  vegeta- 
tion, and  shows  that  the  climate  and  vegetation  are  probably  the 
principal  regulating  factors  in  the  relation  between  rainfall  and 
run-off. 

The  actual  loss  of  rainfall  increases  quite-  rapidly  toward  the 
south,  ranging  from  16.10  in.  in  the  Connecticut  drainage  to  24.99 
in.  in  the  Roanoke  drainage;  the  mean  loss  for  frozen  areas  being 
17.7  in.  and  for  southern  areas  24.13  in. 

Table  4  gives  the  relative  conditions  in  the  various  parts  of  the 
same  drainage  basins,  and  shows  no  perceptible  difference  in  con- 
ditions between  the  various  branches  and  the  main  stream.  Un- 
fortunately, data  are  not  available  for  the  extreme  upper  portions 
•of  the  drainages,  where  it  is  probable  that  the  run-off  is  somewhat 
.greater  than  in  the  lower  portions. 

Table  5  and  Fig.  1  show  the  relation  between  years  of  maximum 
and  minimum  rainfall  on  run-off  and  loss,  as  follows: 

1. — High  rainfall  produces  a  correspondingly  high  run-off. 
2. — Low  rainfall  produces  a  correspondingly  low  run-off. 
3. — The   run-off   in   percentage   of   rainfall   varies   with   the 
rainfall.     It  is  likely  to  be  high  during  the  years  fol- 
lowing high  rainfall  and  low  during  the  years  follow- 
ing low  rainfall. 
4. — Small  apparent  loss  occurs  in  years  following  low  rain- 
fall. 
5. — Large  apparent  loss  occurs  after  years  of  small  rainfall. 

These  peculiarities  are  due  mainly  to  the  effect  of  ground  stor- 
age, which  is  the  most  important  factor  governing  run-oft'.  At  the 
■ends  of  years  of  high  precipitation  the  ground-water  table  will  be 
high.  Maximum  ground  storage  exists  at  the  end  of  maximum  pre- 
cipitation. The  quantity  of  stored  water  carried  into  the  following 
year  will  be  large  unless  the  rainfall  has  been  small  for  the  last 
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month  or  two,  thus  allowing  the  excess  to  drain  off.  Exceptions  to 
the  above  are  readily  explained  by  extreme  conditions  during  the 
latter  months  of  the  year,  as  shown  in  Table  2. 

Table  6  shows  the  relation  during  the  winter  months,  December 
to  April,  inclusive,  and  the  summer  or  growing  months,  June  to 
August,  inclusive. 

A  study  of  these  tables  shows  that  in  the  northern  area,  where 
the  ground  is  frozen,  and  where  there  is  considerable  snow  during 
the  winter  months,  the  run-off  very  nearly  equals  the  precipitation, 
being  for  the  principal  basins  92%,  which  shows  that  the  evapora- 
tion and  other  loss,  neglecting  any  gain  or  loss  from  ground  stor- 
age, is  very  small  during  the  winter  period. 

For  the  southern  drainages,  where  the  ground  is  frozen  for  a 
shorter  period,  and  is  rarely  covered  with  a  great  depth  of  snow, 
the  run-off  during  the  winter  months  averages  63%  for  the  principal 
basins. 

That  the  climatic  conditions  are  responsible  for  this  change  in 
the  percentage  of  run-off  between  northern  and  southern  areas, 
rather  than  geologic  conditions  or  topography,  is  shown  in  the 
"percentage"  column  for  the  summer  months,  where  the  percentage 
of  run-off  varies  between  20  and  32,  having  a  mean  of  27%  for  all 
the  principal  basins.  This  column  shows  no  regular  variation  for 
the  basins.  It  also  shows  that  the  evaporation  and  loss  through 
evaporation  is  very  nearly  the  same  over  the  various  areas  con- 
sidered, being  about  9.5  in. 

These  relations  for  the  winter  months  give  a  method  of  check- 
ing in  a  general  way  the  winter  run-off  of  streams  in  frozen  areas, 
by  comparison  with  the  total  precipitation  for  the  winter  months. 
Although  this  check  is  only  approximate,  it  may  be  of  considerable 
value,  as  the  records  of  winter  flow,  as  a  rule,  are  very  meager  and 
unsatisfactory,  owing  to  uncertainties  in  regard  to  ice  conditions. 

Table  2  gives  the  general  conditions  of  rainfall  and  run-off  for 
the  various  drainages  for  the  individual  months,  and  forms  a  basis 
for  the  other  tables.  The  wide  range  of  variations  in  this  table 
shows  the  impossibility  of  estimating  run-off  from  rainfall  data. 
These  variations,  however,  as  a  rule,  may  be  explained  by  the 
variation  of  ground-water  conditions,  although  the  exact  ground- 
water conditions  may  not  be  known.    For  example,  the  table  for  the 
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Potomac  at  Point  of  Eocks  shows,  in  October,  1896,  162%  of  run-off, 
while  the  mean  run-off  for  that  month  is  24%  for  all  years.  That 
this  value  is  not  in  error  is  shown  by  the  precipitation  in  September, 
which  was  6.09  in.,  while  the  normal  for  September  is  only  2.65  in. 
This  high  precipitation  in  September  evidently  left  an  abnormally 
high  ground-water  at  the  end  of  the  month,  which  maintained  the 
ilow  during  the  following  month.  It  will  be  noted,  also,  that  the 
percentage  of  run-off  for  September  was  abnormally  low,  being  only 
4%,  while  the  precipitation  was  abnormally  high.  In  August  there 
was  an  abnormally  low  precipitation  and  a  correspondingly  low 
ground-water,  which  was  replenished  by  the  heavy  rainfall  of  Sep- 
tember. This  is  only  one  of  the  many  examples  which  can  be 
pointed  out  in  the  tables  for  the  various  basins. 

The  principal  reason,  therefore,  why  rainfall  data  fail,  as  a 
basis  for  estimating  run-off,  is  the  lack  of  knowledge  of  ground- 
water conditions.  If  data  in  regard  to  these  conditions  were  avail- 
able, estimates  from  reliable  rainfall  data  could  no  doubt  be  made 
more  satisfactorily. 

Special  attention  is  called  to  Table  3,  which  shows  the  average 
conditions  of  run-off  over  the  various  areas.  This  table  is  of 
especially  practical  value  to  the  engineer  in  showing  him  the  cout 
ditions  which  may  be  expected  within  the  limits  of  the  areas  dis- 
cussed or  for  similar  areas.  It  gives  him  not  only  the  mean  con- 
ditions, but  also  the  absolute  maximum  and  minimum  during  the 
years  in  question.  The  comparison  of  drainage  areas  in  connection 
with  such  tables  of  run-off  should  be  the  only  basis  for  estimating 
the  run-off  of  streams  on  which  no  measurements  of  flow  have  been 
made. 
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TABLE  3. — Monthly  and  Yeably  Maximum,  Minimum  and  Mean 

Loss,  FOR  an 
Xote: — M.  =  Mean; 
Precipitation,  in  Inches. 


October.    1 

November. 

December.     January. 

February. 

March. 

Drainage. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

3.44 
4.10 
3.35 

3.60 

4.09 
3.39 
3.42 
3.52 

3.88 
3.88 
3.89 
3.63 
4.01 
3.57 

R. 

Connecticut,    abo"7e    Or- 

foid;  3  300  sq.  miles.... 
Housatonie.  above    Gay- 

lonlsville;  1020  sq.  miles 
Susquehanna,  above  Har- 

risburg;  24  030sq.  miles. 
Susquehan'ja,        above 

WilkesBarre;  9  810   sq. 

2.99 
3.98 
3.02 

3.33 

2.90 
2.66 
2.31 
3.47 
3.46 
2.52 
3.61 
3.70 
3.71 
3.61 

4.12 
2.13 
6.49 
2.74 
5.74 
0.95 

6.04 
1.69 

6.22 
0.89 
6.78 
0.51 
6.41 
0.57 
7.10 
0.4h 
8.35 
0.5i 
8.07 
0.46 
8.70 
0.32 
7.60 
0.35 
6.33 
0.13 
5.54 
0.65 

3.17 
3.39 
3.6-3 

3.41 

2.74 
3.09 
2.29 
2.08 
1.89 
3.42 
2.29 
2.20 
2.49 
2.22 

5.54 
1.05 
4.29 
0.89 
4.43 
0.93 

4.70 
1.13 

4.91 
0.54 
5.67 
0.65 
4.10 
0.79 
4.16 
0.81 
3.57 
0.93 
5.30 
0.71 
5.27 
0.73 
3.99 
1.06 
4.60 
1.04 
3.15 
1.22 

2.80 
4.38 
2.97 

3.30 

3.15 
3.13 
2.67 
2.61 
3.28 
3.00 
2.87 
3.76 
2.92 
3.95 

4.771 

1.36!  2.28 
6.76 

2.72!  3  05 
5.63! 
1.04]  2.73 

5.58 
2.24    3.57 

5.48 

1.25]  2.63 
5.07 

1.841  3.24 
5.71 

0.74;  2.53 
6.12] 

0.23;  2.58 
7.191 

1.41'  3.20 
7.63! 

0.30    2.79 
7.60' 

0.17    2.86 
8.08. 

1.88.  3.28 
7.45 
0.501  2.85 

2.94 
1.99 
4.89 
1.65 
4.4C 
1.77 

3.40 
1.69 

3.69 
1.51 
4.97 
1.72 
3.78 
1.55 
4.08 
1.41 
4.43 
2.21 
4.56 
1.77 
4.49 
1.80 
4.82 
2.00 
4.08 
1.64 
4.35 
3.19 

1.60 
2.56 
2.67 

2.30 

2.72 
3.19 
2.91 
3.13 
3.52 
3.66 
3.57 
3.11 
3.92 
3.56 

3.18 
0.71 
4.24 
0.76 
4.55 
0.93 

3.46 
1.17 

4.00 
1.05 
6.54 
1.19 
5.88 
0.46 
6.^8 
0.33 
5.08 
0.59 
5.80 
0.63 
5.48 
0.49 
5.22 
0.94 
7.10 
0.62 
5.63 
0.88 

4.77 
2.05 
5.20 
3.04 
4.58 
1.21 

4.77 
3.17 

Susquehanna,  abov^eWil- 
liamsport;     5  640       sq. 
miles 

Ohio,    above    Wheeling; 
33  820  sq.  miles 

5.30 
3.42 
3.63 
1.40 

Potomac,  above  Point  of 
Rocks;  9  630  sq.  miles. . 

Shenandoah,  above  Mill- 
yille;  3  000  sq.  miies 

James,ab3ve  Cartersville; 

4.44 

3.08 
5.12 
2.08 
6.38 
2.59 

James,  above  Buchanan; 
2  060  sq.  miles 

5.66 
2.39 

James,    above    Glasgow; 

6.36 
2.67 

Appomattox,  above  Mat- 
toax;  745  sq.  miles 

Roanoke, above  Roanoke: 
390  sq  miles             .   .   . 

5.96 
2.37 
6.49 
2.44 

Roanoke,     above      Ran- 
dolph; 3  080sq.  miles... 

7.84 
1.78 

J  3.10 

1 

6.411 
2.29 

Run-off,  in  Inches. 


Drainage. 


Connecticut,   above    Or- 

f  ord 

Housatonie,  above   Gay- 

lordsviUe 

Susquehanna,  above  Har- 

risburg 

Susquehanna,      above 

Wilkes-Barre 

Susquehanna,  above  Wil- 

liamsport 

Ohio,  above  Wheeling 

Potomac,  above  Point  of 
Rocks 

Shenandoah,  above  Mill 
ville 

James,  above  Carters- 
ville  

James, above  Buchanan. 

James,  above  Glasgow. . . 

Appomattox,  above  Mat 

toax 

Roanoke,  above  Roanoke. 
Roanoke,     above      Ran- 
dolph  


October. 

November 

December. 

January. 

February. 

March. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

1.03 

M. 

R. 

1.94 

2.51 

3.34 

1,11 

7.56 

1.24 

0.45 

1.33 

0.50 

1.38 

0.47 

0.76 

0.27 

0.54 

0.26 

3.91 

1.60 

3.35 

1.92 

4.13 

3.21 

(3.68) 

8.77 

1.89 

(0.40) 

1.39 

0.96 

2.68 

(1.03) 

2.32 

0.98 

1.61 

0.49 

5.88 

(4.24) 

3.17 

2.18 

3.53 

8.79 

4.04 

7.46 

0.90 

0.16 

1.08 

0.28 

1.75 

(1  40 

1.94 

0.67 

1.98 

0.53 

4.48 

3.46 

3.22 

1.47 

4.91 

3.45 

3.93 

7.84 

1.16 

0.13 

0.96 

0.6C 

3.53 

0.90 

2.89 

3.14 

2.56 

1.57 

5.33 

3.79 

2.68 

1.84 

1.14 

3.23 

4.53' 

8.09 

0.85 

0.15 

1.14 

0.29 

1.75 

0.33 

1.96 

1.01 

1.90 

0.56 

5.59 

3.83 

3.70 

2.97 

3.64 

4.30 

7.29 

6.89 

0.72 

0.12 

1.21 

0.34 

1.99 

0.53 

2.78 

1.28 

3.12 

0.78 

4.07 

1.37 

1.63 

0.99 

3.06 

2.49 

4.60 

6.50 

0.53 

0.14 

0.44 

0.15 

1.06 

0.26 

1..30 

0.51 

2.00 

0.39 

2.80 

1.34 

2.99 

1.05 

3.12 

2.62 

3.63 

5.34 

0.82 

0.20 

0.48 

O.'JC 

1.05 

0.39 

1.21 

0.47 

1.53 

0.46 

2.16 

0.86 

2.34 

1.27 

3.39 

2.76 

3.74 

5.29 

0.89 

0.31 

0.75 

0.26 

1.51 

0.46 

1.80 

0.68 

2.11 

0.64 

3.16 

1.53 

3.33 

2.46 

4.83 

2.51 

5.34 

5.67 

0.60 

0.18 

0.71 

0.2C 

1.30 

0.36 

1.36 

0.42 

2.34 

0.51 

3.35 

1.53 

2.48 

1.67 

4.50 

2.79 

3.99 

4.44 

0.67 

0.23 

0.63 

0.24 

1.31 

0.31 

1.41 

0.63 

2.34 

0.43 

2.82 

1.28 

1.44 

1.32 

3.54 

2.73 

3.60 

4.01 

0.63 

0.27 

0.64 

0.3S 

1.46 

0.58 

1.75 

0.61 

2.29 

0.45 

3.36 

0.78 

3.06 

1.71 

4.23 

3.34 

5.63 

7.49 

0.85 

0.26 

0.78 

0.24 

1.29 

0.35 

1.43 

0.32 

2.34 

0.64 

2.88 

0.94 

1.83 

H)i 

3.61 

3.39 

3.49 

4.13 

1.03 

0.30 

0.81 

0.83 

1.71 

0.71 

1.63 

0.78 

1.98 

1.03 

3.33 

1.04 
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Rainfall,  Run-off,  Run-off    in   Pkrcentage  of  Rainfall,  and 
Average  Year. 
R.  =  Range. 


April. 

May. 

June. 

July. 

Adgust. 

SEPTEMBER. 

Year. 

"^£ 

M. 

R. 

M. 

R. 

4.78 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

Total. 

R. 

3.54 

5.27 

5.06 

4.59 

5.75 

41.80 

2.77 

1.37 
6.12 

2.99 

0.27 
6.24 

3.78 

2.10 
10.42 

4.81 

3.76 
7.25 

3.88 

3.22 

7.28 

3.73 

1.08 
6.42 

86.76 

33.48 
51.49 

5 

8.71 

2.25 
4.46 

2.97 

1.12 

7.70 

5.46 

1.86 
6.44 

5.00 

3.72 
7.24 

5.56 

3.45 

6.48 

4.70 

1.94 
5.61 

47.86 

39.77 
45.17 

5 

2.76 

1.27 
4.67 

3.96 

1.27 
5.89 

3.98 

2.77 
6.38 

4.11 

2.42 
7.86 

4.16 

1.92 
6.51 

3.04 

1.41 
4.32 

39.38 

31.62 
44.13 

14 

2.70 

1.50 
4.69 

2.73 

1.11 
5.41 

4.46 

2.94 
6M 

5.05 

4.03 

7.58 

4.49 

2.73 
6.62 

2.90. 

1.40 
4.70 

39.85 

31.77 
44.11 

6 

2.89 

1.33 
6.50 

3.20 

1.74 

7.48 

4.11 

2.94 

5.80 

4.62 

2.77 
9.08 

4.14 

2.26 

6.88 

2.83 

1.05 
6.48 

40.02 

33.04 
55.56 

10 

3.28 

1.57 
3.05 

4.04 

2.18 
6.4T 

4.32 

2.50 
6.57 

4.55 

2.54 
6.63 

8.74 

1.80 
7.00 

3.07 

1.56 
6.09 

41.71 

33.47 

44.81 

21 

2.61 

1.31 
6.24 

3.77 

1.97 

5.82 

4.15 

1.81 
7.63 

4.15 

2.28 
6.21 

3.50 

1.69 
7.73 

2.65 

1.32 

7.22 

36.86 

29.37 
48.08 

10 

2.55 

1.16 

6.92 

3.85 

2.28 
6.70 

4.90 

2.09 

7.73 

4.14 

2.17 

7.47 

3.56 

1.41 
10.22 

2.95 

1.01 
4.11 

38.33 

30.47 
54.83 

10 

3.07 

1.72 
6.52 

3.75 

1.78 
6.31 

5.13 

3.55 

7.. 57 

4.06 

2.35 

8.48 

4.50 

1.54 
8.71 

8.21 

1.98 
6.20 

42.98 

30.58 
53.81 

7 

2.66 

1.57 

7.08 

4.20 

1.25 

6.18 

4.78 

3.34 

8.71 

4.42 

2.27 
6.22 

8.67 

1.61 

7.47 

3.17 

1.06 
6.70 

41.17 

80.45 
51.48 

10 

2.70 

1.19 
5.99 

4.04 

1.33 
7.26 

4.78 

2.72 
5.04 

4.09 

2.18 
7.05 

3.82 

1.46 
13.06 

3.24 

0.73 
4.20 

40.70 

32.48 
52.98 

10 

8.09 

1.08 
5.50 

3.96 

1.72 
7.46 

3.99 

8.20 
8.14 

4.13 

1.94 
11.04 

6.24 

2.70 
10.72 

2.89 

2.29 
5.16 

42.98 

30.80 
58.30 

5 

2.80 

1.67 
6.04 

4.18 

0.98 
6.33 

4.T7 

1.90 
5.98 

4.91 

3.08 
5.09 

3.80 

0.98 
11.21 

3.32 

1.22 
8.29 

42.68 

85.19 
.53.95 

9 

3.35 

1.48 

4.07 

1.92 

4.53 

2.83 

4.92 

2.68 

5.15 

2.40 

2.77 

1.86 

48.80 

.34.00 

5 

April. 

May. 

June. 

July. 

Aug 

UST. 

September. 

Year. 

"■S2 

M. 

R. 

L. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R 

Total. 

R. 

o  t> 

7.10 

4.80 

3.20 

1.51 

1.53 

1.82 

27.04 

4.70 

3.64 
6.43 

3.10 

1.16 

4.50 

1.69 

1.02 

4.28 

1.09 

0.49 
2.49 

1.09 

0.69 
2.19 

1.08 

0.37 
2.25 

21.66 

16.01 
.36.94 

5 

4.63 

3.82 
4.88 

2.40 

1.11 
4.54 

2.24 

0.92 
3.03 

1.47 

0.56 
3.25 

1.41 

0.H7 
1.60 

1.51 

1.08 
1.42 

29.48 

23.76 
28.03 

5 

3.43 

2.34 

4.46 

2.07 

0.61 
2.52 

1.25 

0..50 
1.79 

0.83 

0.34 
3.41 

0.77 

0.24 
1.53 

0.61 

0.17 
1.44 

21.09 

16.34 

27.18 

14 

3.17 

2.49 
5.45 

1.13 

0.40 
3.15 

1.07 

0.10 
2.44 

1.01 

0.28 
4.11 

0.66 

0.12 
1.44 

0.72 

0.15 
1.24 

23.19 

15.1.^ 
27.60 

6 

3.50 

2.24 

6.84 

1.68 

0.60 
5.10 

1.20 

0.54 
3.37 

1.23 

0.36 
3.49 

0.87 

0.27 

1.88 

0.52 

0.18 
2.50 

22.26 

16.57 
34.20 

10 

3.20 

1.80 
4.60 

1.94 

0.51 
3.22 

1.30 

0.31 

2.18 

1.06 

0.28 
1.52 

0.76 

0.16 
2.66 

0.58 

0.15 

0.88 

22.68 

16.29 
21.46 

21 

1.98 

0.76 
4.79 

1.34 

(0.31) 
3.. 36 

0.99 

0.37 
3.07 

0.76 

0.29 
1.71 

0.69 

0.23 
8.15 

0..34 

0.16 
0.93 

14.23 

8.16 
19.78 

10 

1.77 

0.72 
4.45 

1.39 

0.53 
3.45 

1.16 

0.52 
8.05 

0.83 

0.34 
1.45 

0.81 

0.38 
3.08 

0.43 

0.23 
1.25 

18.64 

7.86 
24.73 

10 

2.18 

1.01 
4.98 

1.63 

0.94 
3.55 

1.50 

0.68 
3.15 

0.99 

0.38 
3.02 

1.02 

0.30 
2.71 

0.67 

0.29 
0.99 

18.21 

10.69 
26.30 

7 

2.02 

0.88 
4.20 

1.77 

0.58 
2.83 

1.17 

0.49 
8.00 

0.98 

0.24 

2.82 

0.81 

0.22 
2.49 

0.50 

0.21 
2.14 

16.91 

11.45 
21.33 

10 

1.79 

0.80 
3.67 

1.51 

0.58 
3.19 

1.15 

0.30 
1.51 

0.99 

0.24 
1.31 

0.84 

0.25 
4.01 

0.63 

0.17 
1.18 

15.99 

12.15 
25.15 

10 

2.13 

0.85 
4.90 

1.44 

0.92 
4.. 36 

0.90 

0.48 
2.54 

0.73 

0.39 
3.54 

1.42 

0.53 
5.73 

0.83 

0.37 
1.53 

16.48 

10.92 
29.66 

5 

1.89 

0.58 
3.49 

1.79 

0.76 
3.16 

1.14 

0.54 
1.73 

1.16 

0..39 
2.48 

1.83 

0.26 
4.94 

0.80 

0.22 
1.45 

17.69 

8.88 
25.18 

9 

1.88 

0.81 

1.65 

1.10 

1.37 

1.05 

1.45 

0.79 

1.80 

0.82 

1.02 

0.65 

18.66 

10.99 

5 
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TABLE  3— 


EuN-OFF,  IN  Percentage  of  Kainfall. 


October. 

November 

December. 

January. 

February. 

March. 

Drainage. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R, 

Connecticut,    above    Or- 

92 

,133 

103 

55 

86 

163 

ford     

41 

ir 

64 

57 

33 

175 

46 

17 
67 

33 

13 
149 

34 

23 

(87) 

114 

45 

Housatonic,    above  Gay- 

203 

47 

(13) 
44 

58 

22 
105 

61 

(37) 
100 

76 

(41) 
133 

63 

(39) 
209 

143 

87 

Susquehanna, above  Har- 

277 

30 

6 
53 

41 

11 

85 

59 

19 
140 

71 

32 
201 

74 

41 
197 

134 

60 

Susquehanna,      above 

223 

Wilkes-Barre 

35 

4 
64 

40 

22 

68 

77 

40 
102 

112 

76 
116 

111 

(47) 
146 

148 

7'8 

Susquehanna,  above  Wil- 

300 

liamsport    

29 

10 

72 

42 

12 
114 

56 

15 

99 

75 

50 
129 

72 

43 
151 

137 

74 

191 

Ohio,  above  Wheeling... 

27 

6 

39 

12 

64 

27 

86 

46 

98 

54 

120 

82 

Potomac,  above  Point  of 

162 

41 

76 

98 

163 

149 

Rocks 

24 

8 

19 

6 

40 

10 

51 

30 

69 

33 

82 

41 

Shenandoah,  above  Mili- 

623 

64 

383 

78 

139 

148 

ville 

33 

10 

23 

13 

40 

9 

47 

(27) 

49 

(36) 

61 

23 

James,     above    Carters- 

l.?l 

69 

70 

74 

108 

128 

ville 

25 

13 
93 

36 

23 
75 

46 

21 
67 

56 

31 
75 

60 

34 

105 

81 

44 

172 

James,  above  Buchanan . 

24 

8 
381 

39 

14 
64 

43 

11 
653 

49 

34 
73 

64 

16 
168 

86 

40 
127 

James,  above  Glasgow. . . 

26 

8 

38 

11 

42 

12 

49 

34 

66 

51 

70 

37 

Appomattox    above  Mat- 

160 

47 

71 

77 

88 

76 

23 

11 

208 

29 

13 

77 

39 

17 
92 

53 

30 
90 

74 

48 
152 

62 

36 

115 

Koanoke,  above  Roanoke. 

31 

9 

31 

15 

39 

7 

50 

13 

60 

15 

72 

37 

Roanoke,     above      Ran- 

180 

89 

53 

71 

116 

103 

dolph 

40 

25 

36 

17 

43 

24 

53 

36 

56 

(31) 

65 

41 

Loss.  IN  Inches, 


October. 

November. 

December. 

January. 

February. 

March. 

Drainage. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M.        R. 

Connecticut,    above    Or- 

2.60 

3.03 

2.43 

1.97 

2.15 

1     1.92 

f  ord 

1.75 

0.18 
3.24 

0.94 

—0.41 
3.33 

1.52 

-0.06 
2.63 

1.52 

0.91 
1.99 

1.06 

0.10 
2.36 

—0.47'     3.91 

Housatonic,  above   Uay- 

0.66 

3.09 

0.98 
4.16 

1.00 

—0.67 
3.42 

1.70 

0.96 
2.76 

0.73 

-1.05 
1.84 

0.95 

(0.20) 
2.14 

—1.78-4.46 

Susquehanna.  above  Har- 

1.65 

risburg 

2.13 

0.66 
3.45 

1.55 

—0.11 
3.46 

1.22 

0.00 
1.70 

0.79 

-0.63 
0.83 

0.69|— 1.31 

—1.13 

— 3-58 

Susquehanna.      above 

0.65 

0.80 

Wilkes-Barre 

3.17 

1.27 

1  45 

0.17 

0  77 

-0.93 

-0.32 

—1.73 

-0.26 

—1.93 

—1.73^4.83 

Susquehanna,  above  Wil- 

4.71 

3.58 

2.82 

1.50 

1.S3 

1.02 

liamsport 

2.05 

0.46 
3.96 

1.60 

0.31 
4.76 

1.40 

—0.03 
2.25 

0.67 

—0.39 
1.91 

0.76 

-0.84 
0.90 

-1.50 

-4.05 
0.69 

Ohio,  above  Wheeling 

1.94 

0.39 

1.88 

—0.37 

1  14 

0.03 

0.46 

-0.8H 

0.07 

—1.38 

—0.68 

—3.18 

Potomac,  above  Point  of 

4.78 

3.86 

2.65 

3.09 

3.32 

2.60 

Aocks 

1.68 

0.57 

1.85 

0.64 

1.61 

0.18 

1.23 

0.05 

0.91 

—0.75 

0.63 

—2.15 

Shenandoah,  above  Mill- 

4.91 

3.48 

3.00 

2.11 

(3.67) 

(2.40) 

ville 

1.65 

—2.51 

1  60 

0.39 

1.56—0.65 

1.37 

0.55 

1.59 

—0.13 

1.36-1.73 

James,    above     Carters- 

(6.01^ 

2.67 

3.90 

1.93 

2.31 

1.96 

ville           .        

2.57 

-0.17 

2.85 

1.14 

0.39 
3.83 

1.77     0.95 
3.07 

1.40 

0.83 
3.05 

1.41 

-0.05 
3.66 

0.73  -0.93 

2.62 

James,  above  Buchanan. 

1.92 

-0.20 

1.71 

0.50 

1.70-0.71 

1.43 

0.72 

1.321-0.03 

0.53 

-2.37 

6.22 

3.60 

3.1U 

1.88 

2.30 

2.55 

Jamfs,  above  Glasgow. . . 

1.94 

-0.90 

1   66 

0.43 

1.67;-0.94 

1.45 

0.86 

1.23-1.34 

1.07 

—0.86 

Appomattox,  above  Mat- 

6.16 

2.67 

5.77 

2.09 

1.62 

2.27 

toax 

2.07 

—0.31 
3.96 

1.56 

0.56 
3.91 

2.30 

0.86 
3.33 

1.52 

0.76 
2.61 

0.82     0.40 

1.38 

0.71 

4.10 

2.53 

Roanoke,  aboveRoanoke. 

1.86 

-0.14 

1.71 

0.43 

1.63 

0.04 

1.43 

0.39 

1.57 

—0.32 

1.13 

1.00 

Roanoke,     above      Ran- 

3.72 

3.13 

4.23 

2.06 

2.73 

2.86 

dolph 

1.58 

-0.56 

1.41 

0.14 

2.34 

1.05 

1.47 

0.82 

1.58 

—0.14 

1.34 

-0.09 

Papers.] 
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Apkil. 

May. 

June. 

July. 

August. 

September. 

Year. 

OS2 

M. 

R. 

M. 

R. 

M. 

R. 

68 

M. 

R. 

M. 

R. 

M. 

R. 

Mean. 

R. 

266 

430 

38 

39 

34 

65 

170 

120 

lb7 

104 

65 
118 

45 

20 
113 

25 

13 

61 

28 

16 
40 

28 

22 
80 

59 

46 
73 

5 

125 

105 
324 

81 

72 
72 

41 

20 
86 

29 

11 

47 

25 

18 

47 

32 

17 
73 

62 

53 
63 

5 

124 

25 
200 

52 

21 
50 

31 

10 
58 

30 

9 
43 

18 

6 
24 

20 

5 
74 

55 

44 
65 

14 

117 

96 
276 

41 

26 
69 

24 

10 
66 

20 

7 
54 

15 

4 
82 

25 

11 
56 

58 

47 
63 

6 

121 

85 
156 

52 

34 

82 

29 

12 
67 

27 

12 
53 

21 

7 
56 

18 

7 
39 

56 

42 
63 

10 

98 

58 
104 

48 

18 

57 

30 

10 

48 

23 

9 
34 

20 

5 

38 

17 

6 

28 

54 

44 
61 

21 

76 

35 
113 

36 

(11) 
65 

24 

11 
41 

18 

9 
43 

20 

10 
41 

13 

4 
41 

39 

22 

58 

10 

69 

31 

101 

36 

14 
66 

24 

13 
54 

20 

11 
37 

23 

10 
30 

15 

5 
44 

36 

21 
50 

10 

71 

48 
123 

43 

32 

79 

29 

18 
52 

24 

12 

38 

23 

11 
39 

21 

8 
80 

42 

.33 

58 

7 

76 

40 

128 

42 

19 
69 

25 

14 
52 

22 

8 
33 

22 

5 
33 

16 

8 
32 

41 

28 
53 

10 

66 

37 
113 

37 

18 
54 

24 

9 

41 

24 

10 
32 

22 

6 
31 

19 

6 
49 

89 

33 

48 

10 

69 

42 
89 

36 

24 
1-^5 

23 

13 

57 

18 

9 

48 

23 

14 
53 

29 

14 
37 

38 

30 
56 

5 

66 

25 

87 

43 

75 
66 

24 

14 

38 

24 

12 
46 

35 

8 
44 

24 

7 
44 

41 

25 
57 

9 

56 

31 

41 

23 

30 

21 

29 

16 

35 

24 

37 

25 

43 

32 

5 

April. 

May. 

June. 

July. 

August. 

September. 

Year. 

*S£ 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

M. 

R. 

Total. 

R. 

—0.70 

1.67 

4.33 

3.81 

3.62 

3.74 

18.81 

—1.94 

-3.62 
—0.20 

-<J.ll 

—1.39 
1.74 

2.09 

1.05 
6.14 

3.25 

2.41 
5.06 

3.79 

2.00 
5.71 

2.70 

0.71 
5.19 

15.10 

13.84 
32.56 

5 

—0.92 

—2.20 
1.37 

0.57 

—0.22 
3.16 

3.22 

—0.25 
5.57 

3.53 

1.56 
4.41 

4.15 

3.08 
5.35 

3.19 

0.39 
4.81 

18.43 

13.39 
21.04 

5 

—0.67 

—2.84 
0.21 

1.89 

0.58 

2.87 

2.73 

0.40 
5.30 

3.28 

1.94 
4.53 

3.39 

1.33 
5.10 

2.43 

0.53 
3.76 

18.29 

13.54 
18.61 

14 

-0.46 

—1.50 
0.47 

1.60 

0.71 
2.26 

3.39 

1.32 

5.05 

4.04 

3.47 

4.58 

3.83 

3.53 

5.18 

2.18 

0.43 
4.39 

16.66 

14.52 
30.89 

6 

—0.61 

—2.54 
2.00 

1.53 

0.94 
3.14 

2.91 

1.25 
4.91 

3.39 

2.41 
6.07 

3.27 

0.96 
5.44 

2.31 

0.87 
4.50 

17.76 

15.70 
24.86 

10 

0.07 

-1.56 
1.60 

2.10 

0.95 
3.77 

3.03 

1.33 
4.49 

3.50 

2.26 
5.41 

2.98 

1.09 
5.23 

2.53 

0.81 
5.84 

19.02 

15.18 
29.09 

21 

0.63 

—0.14 
1.82 

3.43 

1.26 
3.97 

3.16 

1.33 
5.14 

3.39 

1.98 
5.11 

2.81 

1.27 
4.58 

2.31 

1.03 
6.83 

22.64 

13.87 
33.05 

10 

0.78 

—0.30 
2.47 

2.46 

1.46 
3.59 

3.74 

1.49 
5.37 

3.31 

1.73 

4.98 

2.75 

1.03 
7.14 

2.52 

0.76 
3.54 

24.69 

14.58 
30.79 

10 

0.89 

—0.02 
1.54 

2.12 

0.60 
4.10 

'  3.63 

2.57 
5.77 

3.07 

1.94 
5.46 

3.48 

1.24 
6.00 

2.57 

1.33 
5.21 

24.77 

18.90 
32.38 

7 

0.64 

— U.37 

2.88 

2.43 

0.26 
3.47 

1  3.60 

2.79 
6.87 

3.44 

1.87 
4.18 

2.80 

1.30 
4.98 

2.67 

0.83 
4.56 

24.20 

14.89 
30.46 

10 

0.91 

—0.45 
2.51 

2.53 

0.41 

4.07 

3.63 

1.92 
4.04 

3.10 

1.91 
6.42 

2.97 

1.15 
9.05 

2.61 

0.50 
3.46 

24.77 

16.39 
36.10 

10 

0.95 

-0.41 
1.70 

2.52 

0.79 
4.91 

3.09 

2.19 

6.85 

3.40 

1.51 
8.10 

4.82 

2.17 
4.99 

2.07 

1.33 
4.81 

26.50 

19.88 
31.71 

5 

0.91 

0.20 
2.55 

2.39 

-0.23 
4.95 

3.63 

0.81 
4.75 

3.75 

3.44 
6.30 

2.47 

0.72 
6.27 

3.53 

0.84 
1.99 

24.99 

15.91 
29.38 

9 

1.47 

0.24 

2.43 

0.65 

j  3.16 

1.78 

3.47 

1.87 

3.35 

1.58 

1.75 

1.21 

25.14 

16.00 

5 
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TABLE    4. — Yearly    Kainfall,    Kun-off,   Kun-off   in   Percentage  of 

Rainfall,  and  Loss. 
Susquehanna  Basin. 


PRKCIPITATION. 

Run  OFF,  IN  Inches. 

Run-off,  in 
Percentage 
OF  Precipi- 
tation. 

Total  Loss 
Inches. 

IN 

Period. 

CO 

|i 

r*  OS 

M 

Sso 

ti 
u 

=1 

m 

'E 
a! 

ffl 

& 

1 

tab 

c 
=1 
.o 

;. 

aj 

m 

0 
Q< 
tn 

s 

5 

1 

0 
P. 

a 
.2 

1891  92 

45.17 
39.57 
39.01 
33.74 
37.57 
36.66 
39.77 
39.75 
31.62 
42.47 
43.75 
44.87 
40.84 
36.49 

24.90 
20.85 
21.06 
20.20 
16.53 
19.04 
21.26 
20.02 
16.34 
22.22 
25.71 
28.03 
21.07 
18.26 

55 
53 
54 
60 

44 
52 
53 
50 
52 
51 
59 
63 
52 
50 

20.27 
18.72 
17.95 
13.54 
21.04 
17.62 
18.51 
19.73 
15.28 
30.25 
18.04 
16.84 
19.77 
18.23 

1892-93 

1893  94 

1894  95 

1895-96 

"si;?"?' 

42.89 
44.13 
41.70 
41.91 
36.73 

37.46 
39.79 
40.27 
41.15 
33.04 
44.11 
43.79 
43.73 
42.51 
34.30 

24.28 
27.09 
27.18 
27.13 
18.35 

16.57 

21.74 
23.00 
20.66 
17.34 
24.18 
27.58 
27.60 
25.86 
18.01 

■47' 
57 
61 
65 
65 
50 

42 
55 

57 
50 
52 
55 
63 
63 
61 
53 

18.61 
17.04 
14.52 
14.78 
18.38 

20.89 

1896-97 

18.05 

1897-98 

17.27 

1898-99 

20.46 

1899-00 

15.70 

1900-01 

19.93 

1901-03 

16.21 

1902-03 

16.13 

1903  04 

16.65 

1934-05 

16.29 

39.38 
45.17 
31.62 

39.85 
44.13 

31.77 

40;  02 

44.11 
33.04 

21.09 
28.03 
16.34 

23.19 
27.18 
15.15 

22.26 
27.60 
16.57 

55 
63 
44 

58 
65 

47 

56 
63 
42 

18.29 
21.04 
13.54 

16.66 
18.61 
44.58 

17.76 

Maximum 

Minimum 

30.89 
15.70 

Potomac  Basin. 


Precipitation  . 

Run-off,  in 
Inches. 

Run- OFF,  IN 
Percentage 
OF  Precipi- 
tation. 

Total  Loss,  in 
Inches. 

Period. 

is 

0  a> 

P 

EC 
HI 

S% 

'^& 

:::  m 

eo 

tn 

0 

CM 

0 

4J 
1 

0 
« 

03 

0 
0 
PS 

0 

c 

I 

i 

1895-96 

37.35 
33.60 
38.50 
41.72 
30.09 
43.63 
35.33 
44.81 
29.37 
35.28 

43.10 
31.67 
40.83 
43.04 
33.63 
48.08 
34.36 
44.91 
30.47 
34.20 

8.16 
16.53 
13.47 
18.38 

8.99 
17.22 
21.46 
19,36 

9.30 

9.34 

9.05 
16.03 
12.14 
14.84 

9.73 
19.44 
19.73 
19.60 

7.86 

8.01 

22 
51 
35 
44 
30 
39 
61 
43 
32 
26 

21 
51 
30 
34 
39 
40 
58 
44 
33 
33 

29.09 
16.07 
25.03 
23.32 
21.10 
26.40 
13.87 
25.45 
20.07 
25.94 

33.05 

1896-97  

15.68 

1897-98  

28.64 

1898-99  

28.20 

1899-00  

23.90- 

1900-01  

28.64 

1901-02  

14.58 

1903-03  

35.33 

1903-04 

23.61 

1904-05  

26.19 

Mean 

36.86 
44.81 
39.37 

38.33 
48.08 
30.47 

14.33 

31.46 

8.16 

13.64 
19.78 
7.86 

39 
61 
22 

36 

58 
31 

22.04 
29.09 
13.87 

24.69 

33.05 

Minimum 

14.58 

Tapers.] 
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Run-off,  in  Inches. 


Mean 42.98 

Maximum  54.83 
Minimum    30.58 


18.21 
24.73 
10.69 


g 

03 

^ 

a 

o    . 

bo 

o 

Oi 

0 

O 

12.20 

14.76 

17.10 

16.63 

12.78 

12.81 

21.28 

17.35 

12.04 

12.15 

26..30 

21.33 

20.83 

18.81 

22.30 

20.«9 

11.45 

12.78 

12.83 

12.30 

16.91 

15.99 

26.30 

21.33 

11.45 

12.15 

16.88 
17.51 
25.15 
10.92 
11.94 


16.48 
25.15 
10.92 


Run- OFF.  IN 
Percentage  of 
Precipitation. 


49  '  46 

35 

33     33 


42  41 
50  ;  58 
33  i  28 


Total  Loss, 
IN  Inches. 


28.03 
22.97 
32  !  30.79 
46  1  18.90 
48  25.86 
35  19.89 
30     26.93 


39  i  24.77 
48  I  .30  79 
30     18.90 


i 

a 

cS 

,a 
o 

o 

5 

31.92" 

30.46 

17.15 

16.29 

29.91 

25.97 

26.06 

30.60 

!?3.74 

24.34 

27.01 

30.15 

14.89 

16.73 

26.5! 

29.78 

19.00 

19.70 

26.41 

23.70 
24.77 

24.26 

S2.3S 

30.46 

14.89 

16.29 

.36.10 
20.62 
27.55 
19.88 
28.34 


26.50 
36.10 
19.88 


KoANOKE  Basin. 


Precipitatidn. 

Run-off,  in 
Inches. 

Run-off,  in 

Percentage 

ofPrecipi 

tation. 

Total  Loss,  in 
Inches. 

Period. 

Randolph, 
3  080  sq.  miles. 

Roanoke, 
390  sq.  miles. 

J5 
O 

S 
oJ 

o 

1 

.a 

o 
a 
K 

01 

o 
a 

© 

o 

a 

03 
O 

1896-97 

35.19 
38.28 
48.85 
38.08 
.58.30 
34.47 
49.73 
35.21 
46.03 

14.90 
12.12 
27.32 
U.S2 
29.66 
18.56 
21.15 
8.88 
14.32 

'"u 

44 
.32 
32 

42 
32 
56 
32 
51 
54 
43 
25 
31 

20  29 

1897-98 

26  16 

1898-99 

21  53 

1899-01} 

25.76 

1900-01 

.=-3.95 
37.14 
50.99 
34.00 
42.89 

25.16 

21.14 
22.50 
10.99 
13.51 

28.79 
16.00 
28.49 
23.0! 
29.38 

28  64 

1901-02 

15  91 

1902-03 

28  58 

1903-04 

26  33 

1904-05 

31  71 

Mean 

43.80 
53.95 
84.00 

42.68 
58.30 
34.47 

18.66 
25.16 
10.99 

17.69 

29.66 

8.88 

43 
57 
32 

41 
56 
25 

25.14 
29.38 
16.00 

21  99 

Maximum 

31  71 

Minimum 

15.91 
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TABLE 


-Yearly  Kainfall,  Run-off,  Run- 


Rainfall,  in  Inches. 

Run-off,  in  Inches. 

Period . 

z 

1. 

SI 

>    . 

O  o- 
CSg 

i~ 

0 

a 
o 
o 

V 

1 

o 

>>        CO 

a      aj 

*    -1 

oj  a  « 

o  o  ^ 

=«    S 

o     ° 

'S    "" 
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o 

th 

1^ 
p 

X: 

.2 

O  CO 

is 

cS-j. 

flOJ 

a 
.a 

a" 
a 

> 

M 

Si 

is 

3 
o 

to 

o 
o 
« 

o  » 
'^  to 

OtO 

^- 

i 

s 

o 

> 
to" 

ID 

s 

»-5 

P> 
<v 

c 

Oh'" 
C 

a) 

1^ 
ceo 

o 
a 

cS 

o 
« 

O 
<v 
o 
OS 

.O 

o 
<c 
a 
a 
o 
O 

6 
> 

o 

>  a 
o  o 

o 
a 
o 

1 

C6 
Pi 

^ 
P 
.O 

to 

t 

a 
W 

> 
O 
.Q 
cS 

c8 

a 
a 

C8 
43 
(D 
3 
o< 

00 

CO 

a 

0) 

t> 
o 

d 
5 
O 

■6 

to 

it 
o 
o 

« 

o 

a 
o 
Q-i 

<D 

> 
O 

i 

s 

o 

c3 

> 

U. 

c3 
O 
<v 
> 

c 

c8 

CD 

0) 
P 

«' 

M 

o 

a 

c3 
O 
« 
0) 

1 

aT 

4i! 

o 
a 

03 

o 
K 

18&4-85 

39.12 
39.89 
39.34 
37.46 
39.52 
55.56 

48  63 

17.82 
21.18 

1885-86 

1886-87 

22.. 39 
17.46 
24.34 

1887  88 

1888-89. 

1889  90 

34.20 

30.64 
22.09 
21.52 
18.03 
16.29 

19.71 

1890  91 

1891  92  

45.17 
39.57 
39.01 
33.74 

37.57 
36.66 
39.77 

43.40 
.39.40 
38.55 
33.47 

44.57 

38.44 
46.51 
43.26 
35.94 

45.21 
40.78 
45.20 
41.62 
39  91 

24.90 
£0.85 
21.06 
20.20 

16.53 

1892  93 

1893  94 

1894-95 

1895  96 

37.25 

32.60 
38.50 
41.72 
30.09 

43.63 
35.33 
44.81 
29.37 
35.28 

8.16 
16.53 
13.47 

18.38 
8.99 

17.22 
21.46 
19.36 
9.30 
9.34 

1896  97 

■56;23 
36.57 

54.83 
37.83 
50.59 
30.58 
40.21 

35.19 

38.28 
48.85 
38.08 

58.30 
34.47 
49.73 
35.21 
46.03 

19.041  22.59 
21.26!  24.61 
20.02    22.88 

'22!26 
13.60 

14.90 

1897  98 

12.12 

1898  99 

39.75 
31.02 

42.47 
43.75 
44.87 
40.84 
36.49 

37.33 

1899-00  

16.34 

22.22 
25.71 
28.03 
21.07 
18.26 

17.64 

24.55 
24.66 
27.09 
35.35 
21.19 

12.32 

1900-01 

1901-02 

1902-03 

1903-04 

1904-05 

38.93 

41.80 
34.76 
34.82 
33.48 

48.24 
51.49 
50.33 
49.48 
39.77 

24.00 
27.04 
21.92 
16.01 
19.31 

25.68 
33.17 
36.94 
27.61 
23.76 

24.04i  29.66 
18.93    18.56 
24.73i  21.15 
10.69     8.88 
13.28    14.32 

Mean 

Maximum.. . 
Minimum..   . 

36.76 
41.80 
.33.48 

47.86 
51.49 
39.77 

39.38 
45.17 
31.62 

41.71 
.55.56 
33.47 

36,86 
44.81 
29.37 

42.98 
54.83 
30.58 

42.68 
.58.30 
34.47 

21.66 
27.04 
16.01 

29.43 
38.94 
23.76 

21.09 
28.03 
16.34 

22.68 
34.20 
16.29 

14.22 
21.46 
8.16 

18.2li  17.69 
24  73    29.66 
10;69,     8.88 

Papers 
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OFF  IN  Percentage  of  Rainfall,  and  Loss. 


Run-off,  in 
Pkrcentage  of  Rainfall, 


62 

53 

65 

64 

63 

73 

46 

56 

58 

60 

59 

63 

65 

73 

46 

53 

Period. 


Mean. 

Maximum. 

Minimum. 
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TABLE   6. — Rainfall,   Run-off,   Run-off   in   Percentage    of 

Rainfall,  and  Loss,  for  the  Winter  and  the 

Summer  Months. 

Con  necticut,  at  Orford,  N.  H. 


"Winter  Months, 

Summer 

Months, 

Nov.  TO  Apr.,  Inclusive. 

June,  July,  August. 

i 

Year. 

« 

«■ 

o 

% 

d 

|o 

o 

(S  o 

M 

CM 

-Sa 

to 

a 
'S 

a 

a 

u 

o 

"S 

c 
s 

|2 

o 

O 

tf 

« 

o  t< 

« 

« 

*'o 

A* 

Ph 

1900-1901 

11.43 

12.10 

106 

—0.67 

11.07 

4.21 

38 

6.86 

14.93 

1901-1902 

16.99 

14.78 

87 

2.21 

12.59'  6.22 

49 

6.37 

14.76 

1902-1903 

15.53 

14.60 

94 

0.93 

12.49!  2.59 

21 

9.90 

12.84 

1903-1904 

11.60 

6.81 

59 

4.79 

10.17 

2.20 

32 

7.97 

18.81 

1904-1905 

8.87 

12.89 
16.99 

8.87 

7.66 

11.19 

14.78 
6.81 

86 

1.21 

13.65 

4.12 

30 

9.53 

14.17 

87 
106 
59 

1.70 

4.79 

—0.67 

12.00 
13.65 
10.17 

3.87 
6.22 
2.20 

32 

49 
21 

8.13 
9.90 
6.37 

15.10 

18.81 

Minimum 

12.84 

Hous atonic,  abovf:  Gaylordsville,  Conn. 


1900-1901 

1901-1902 

1932-1903  

16.45 
20.91 
20.2:i 
16.92 
14.48 

14.20 
21.63 
21.40 
13.61 
14.74 

86 
103 
106 

80 
102 

2.25 
-0.72 
—1.17 

3.31 
-0.26 

14.15    4.44 
16.11    5.04 
21.48    8.96 
13.93]  4.83 
14.43    8.35 

31 
31 
42 
35 
16 

9.71 
11.07 
12.52 

9.10 
12.08 

22.56 
18.32 
13.39 

1903-1904 

21.87 

1904-1905     

16.01 

Mean    

17.80 
20.91 
14.48 

17.12 
21.63 
13.61 

96 

106 
80 

0.68 

3.31 

-1.17 

16.08,  5.12 
21.48:  8.96 
13.93    2.35 

32 

42 
16 

10.90 
12.52 
9.10 

18.43 

22.56 

13.39 

Susquehanna,  above  Harrisburg,  Pa. 


1891-1892 

15.85 
14.87 
13.49 
11.99 
15.29 
11.39 
15.14 
13.51 
13.96 
12.84 
18.10 
18.84 
14.60 
12.82 

13.97 
13.20 
11.00 
14.17 
12.97 
10.76 
14.06 
13.75 
12.99 
12.02 
17.97 
19.15 
12.50 
11.82 

88 
89 
82 

118 
85 
94 
93 

102 
93 
94 
99 

102 
86 
92 

1.88 
1.67 
2.49 

-2.18 
2.33 
0.63 
1.08 

-0.24 
0.97 
0.82 
0.13 

—0.31 
2.10 
1.00 

14.93 
11.25 

7.42 
10.06 
11.40 
10.88 
12.24 
10.09 

9.67 
13.16 
16.17 
17.44 
12.26 
14.40 

4.71 
1.62 
3.11 
1.20 
2.32 
2.09 
2.56 
1.26 
1.19 
4.81 
5.14 
4.09 
2.72 
3.13 

32 

14 
42 
12 
20 
19 
21 
12 
12 
37 
32 
23 
22 
22 

10.22 
9.63 
4.31 

8.86 
9.08 
8.79 
9.68 
8.83 
8.48 
8.35 
11.03 
13.35 
9.54 
11.27 

20  27 

1892-1893 

18  72 

1893-1894 

17  95 

1891-1895 

13  (-4 

1895-1896 

21  04 

1896-1897 

17  62 

1897-1898 

18.. 51 

1898-1899 

19  73 

1893-190i> 

15  28 

1900-1901 

20  25 

1901-1902 

18  C4 

1902-1903 

16  84 

1903-1904 

19  77 

1901-1905 

18  23 

Mean 

14.48 
18.84 
11.39 

13.58 
19.15 
10.76 

94 
118 

82 

0.90 

2.49 

—2.18 

12.25 
17.44 
7.42 

2.85 
5.14 
1.19 

23 
42 

12 

9.40 
13.35 
4.81 

18  29 

Maximum 

21  04 

Minimum 

13  54 

Papers.] 
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TABLE  G—(C'ontmned). 
Susquehanna,  above  Wilkes-Bakre,  Pa. 


Winter  Months, 
Nov.  TO  Apr.,  Inclusive. 

Summer  Months, 
June,  July,  August. 

i 

0 

0 

Year. 

"3 

CM 

a 
■3 
D3 

d 
0 

a 

a  a 
So 

to 

q 

«M 

a 

9 

3 

1)   . 
fl  a 

<U  3 

to 

05 

0 

1899  1900 

14.17 
13.18 
16.66 
16.68 
13.79 
12.32 

12.42 
16.90 
20.85 
19.20 
17.80 
11.72 

88 
128 
125 
115 
129 

95 

1.75 
-3.72 
-4.19 
-2.52 
-4.01 

0.60 

9.80 
13.10 
16.61 
17.28 
12.49 
14.77 

0.88 
3.01 
4.10 

3.62 
2.3i 
2.49 

9 
23 

25 
21 
18 
17 

8.92 
10.09 
12.51 
13.66 
10.18 
12.28 

16.62 

1900  1901 

18.61 

1901  1902        

17.04 

1902-1903 

14.52 

1903-1904 

14.78 

1904-1905 

18.38 

14.47 
16.68 
13.32 

16.48 

20.86 
11.72 

114 
129 

88 

-2.01 

1.75 

^.19 

14.00 

17.28 
9.80 

2.74 
4.10 
0.88 

20 

25 

9 

11.26 
13.66 

8.92 

16.66 

Maximum 

18.61 

Minimum 

14.52 

SUSQUEHAjq^NA,  AT  "WlLLIAMSPORT,  Pa. 


1895-1896  

14.53 
13.22 
16.95 
14.50 
15.32 
13.27 
18.41 
18.53 
17.57 
12.52 

10.97 
12.01 
16.78 
14.44 
13.31 
13.10 
19.23 
19.84 
16.71 
11.25 

76 
91 
101 
100 
87 
99 
104 
107 
95 
90 

3.56 
1.21 
0.17 
0.06 
2.01 
0.17 
-0.82 
—1.31 
0.86 
1.27 

12.49 
11.76 
11.76 
10.55 
9.81 
14.10 
16.02 
16.77 
11.75 
13.68 

4.06 
2.06 
2.18 
1.17 
1.49 
4.48 
5.78 
4.79 
3.01 
4.00 

33 
18 
19 
11 
15 
32 
36 
29 
26 
29 

8.43 
9.70 
9.  .58 
9.38 
8.32 
9.62 
10.24 
11.98 
8.74 
9.68 

20.89 

1896-1897 

18.05 

1897-1898 

17.27 

1898-1899 

20.46 

1899-1900 

15.70 

1900-1901 

19.93 

1901  1902 

16.21 

1902-1903 

16.13 

1903-1904 

1904-1905 

16.65 
16.29 

15.48 
IS.  53 
12.52 

14.76 
19.84 
10.97 

95 
107 
76 

0.72 

3.56 

-1.31 

12.87 

16.77 

9.81 

3.30 

5.78 
1.17 

26 
83 
11 

9.57 
11.98 
8.32 

17.76 

20.89 

Minimum 

15.70 
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TABLE   6— (Continued). 
Ohio,  above  Wheelinc4,  W.  Va. 


Nov. 

INTER  Months,          I 
ro  Apr.,  Inclusive. 

Summer  Months. 
June,  July,  August. 

u 
^ 

Year. 

"3 
a 

'i 

? 

a 

3 

03 

£  9 

o  ? 
Ph  O 

i    ! 
3 

a 
"3 

d 

o 
d 
3 
02 

S  0 

a  c 

Oh  o 

to 

o 

>> 
o 

m 
o 

1884  1885 

14.09 
14.30 
16.71 
13.46 
12.90 
22.03 
18.70 
15.99 
17.87 
15.75 
14.25 
14.93 
14.93 
19.34 
15.39 
15.24 
15.77 
16.39 
20.73 
17.46 
14.56 

11.80 
15.11 
16.19 
10.95 
12.12 
20.51 
18.95 
13.50 
14.96 
11.99 
13.23 
12.27 
14.61 
17.80 
15.48 
13.94 
15.99 
17.07 
20.79 
17.43 
13.81 

84 
106 
97 
81 
94 
93 
101 
84 
84 
76 
93 
82 
98 
92 
99 
91 
101 
104 
100 
100 
95 

2.29 

—0.81 

0.52 

2.51  ! 
0.78 

1.52  1 
—0.25 

2.49 
2.91 
3.76 
1.02   : 
2.66  i 
0.32 
1.54 
—0.09 
1.30 
—0.22 
-0.68  i 
—0.06 
0.03 
0.75 

14.66 
10.84 
10.73 
12.58 
11.59 
12.39 
15.29 
12.70 
9.83 
6.34 
9.91 
17.14 
12.87 
14.46 
11.01 
12.57 
12.57 
14.56 
15.09 
11.99 
15.75 

3.12 
2.00 
1.68 
3.79 
5.44 
2.66 
3.99 
3.75 
1.20 
1.66 
1.04 
5.57 
2.63 
3.10 
2.06 
1.93 
3.35 
5.12 
3.54 
3.43 
4.39 

21 
18 
16 
30 
47 
21 
26 
30 
12 
26 
10 
S3 
20 
21 
19 
15 
27 
35 
23 
29 
28 

11.54 
8.84 
9.05 
8.79 
6.15 
9.73 

11.30 
8.95 
8.63 
4.68 
8.87 

11.57 

10.24 

11.36 
8.95 

10.64 
9.22 
9.44 

11.55 
8.56 

11.36 

21.30 

1885-1886 

18.71 

1886-1887 

16.95 

1887-1888       

20.00 

1888-1889  

15.18 

1889-1890 

21.36 

1890  1891       

17.99 

1891-1892 

31.31 

1892-1893 

17.88 

1893-1894 

20.52 

1894-1895  

17.18 

1895-1896 

24.86 

1896-1897 

15.85 

1897-1898 

21.90 

1898-1899 

20.38 

1899-1900 

18.30 

1900-1901 

20.48 

1901-1902  

16.12 

1902-1903 

18.11 

1903-1904 

16.27 

1904-1905 

18.72 

Mean 

16.23 
22.03 
12.90 

15.16 
20.51 
10.95 

93 
106 
76 

1.07 

3.76 

—0.81 

12.61 

17.14 

6.34 

3.12 
5.57 
1.04 

25 

47 
10 

9.49 
11.57 
6.15 

19.02 

Maximum 

24.86 

Minimum 

15.18 

Potomac,  above  Point  of 

Rocks,  Md. 

1895-1896 

13.20 
12.85 
14.67 
15.22 
12.24 
13.69 
19.92 
18.84 
8.57 
11.98 

5.16 
9.41 
7.11 
12.92 
6.17 
7.97 
18.50 
13.24 
5.37 
5.46 

39 
73 

48 
85 
50 
58 
93 
70 
63 
46 

8.04 
3.44 
7.76 
2.30 
6.07 
5.72 
1.42 
5.60 
3.20 
6.52 

12.49 
8.44 
12.02 
8.59 
10.01 
14.61 
8.36 
14.91 
11.64 
15.94 

2.15 

1.82 
3.43 
1.19 
1.56 
4.46 
1.03 
4.18 
2.00 
2.68 

17 
19 
29 
14 
16 
31 
12 
28 
17 
17 

10.34 
7.62 
8.59 
7.40 
8.45 

10.15 
7.33 

10.73 
9.64 

13.26 

29.09 

1896-1897     

16.07 

1897-1898 

25.03 

1898-1899 

23.32 

1899-1900 

21.10 

1900-1901 

26.40 

1901-1902            

13.87 

1902  1903 

25  45 

1903-1904 

20.07 

1904-1905        

25  94 

14.14 
19.92 

8.57 

9.14 

18.50 
5.16 

65 
93 

39 

5.00 
8.04 
1.42 

11.80 

15.94 

8.36 

2.44 
4.46 
1.03 

21 
31 
12 

9.36 
13.26 
7.33 

22.64 

Maximum        

29.09 

Minimum 

13.87 

Papers.] 
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TABLE  {^—{(Jontimied). 
Shenandoah,  above  Millville,  W.  Ya. 


Winter  Months, 
Nov.  TO  Apr.,  Inclusive. 

Summer  Months, 
June,  July,  August. 

« 

0 

Year. 

■3 
a 

SB      ! 
0      j 

s     1 

$9 
0  a 

ce        t 

73 

3 

CM 

a 
■3 

53 
0 
a 

S9 

CO 
01 

0 

h3 

1895-1896 

14.85 
13.10 
13.70 
16.88 
13.25 
11.51 
19.11 
18.72 
8.74 
11.80 

5.10 
8.17 
4.611; 
8.93 
6.311 
8.11 
15.98i 
12.31 
3.58: 
4.08 

34 
67 
34 
53 
4S 
56 
84 
66 
41 
35 

9.75 

3.99 

9.10 

7.95 

6.94 

6.40 

3.13 

6.41  1 

5.16  ' 

7.72 

15.18 
8.73 

2.30 
1  .54 

15 
18 
29 
15 
14 
34 
18 
33 
16 
18 

12.83 
7.19 

10.53 
7.23 
9.98 

11.70 
5.97 
9.50 

11.08 

11.97 

33.05 

1896-1897 

15.68 

1897-1898 

14.77:  4.24 
8  54I  1.32 

28.64 

1898-1899 

28.20 

1899-1900 

11.67 
17.84 
7.32 
14.22 
13.14 
14.67 

1.69 
6.14 
1.35 
4.72 
2.06 
2.70 

23.90 

1900-1901 

28.64 

1901-1902 

14.58 

1902-1903 

25.32 

190:^1904 

22.61 

1904-1905 

26.19 

Mean 

14.38 
19.11 

8.74 

7.73' 
15.98 
3.58 

54 
84 
34 

6.66  ! 
9.75  [ 
3.13 

12.60 
17,84 
8.54 

2.80 
6.14 
1.32 

22 

24 
14 

9.80 
12.82 
5.97 

24.69 

Maximum 

33.05 

Minimum 

14.58 

James,  above  Cartersville,  Va. 

1898-1899 

20.45 

15.07 

74 

5.38 

11.83 

1.66 

14 

10.15 

28.03 

1899-1900 

16.26 

8.94 

55 

7.32 

9.86 

3.37 

33 

7.59 

22.97 

1900-1901 , 

16.44 

9.78 

60 

6.66 

21.07 

7.58 

36 

13.49 

30.79 

1901-1902 

20.54 

14.70 

72 

5.84 

8.98 

1.66 

18 

7.33 

18.90 

1903-1903 

21.63 

15.75 

73 

5.«8  ! 

15.17 

4.48 

30 

10.69 

25.86 

1903-1904 

10.43 

5.32 

51 

5.11 

11.33 

2.32 

30 

9.01 

19.89 

1904-1905 

12.89 

5.78 

45 

7.11 

17.55 

4.57 

36 

12.98 

26.93 

Mean 

16.95 
21.63 
10.43 

10.76 
15.75 
5.32 

63 
74 
45 

6.19 
7.32 
5.11 

13.69 
21.07 
8.98 

3.51 

7.58 
1.66 

26 
36 
14 

10.18 
13.49 
7.33 

24.77 

Maximum 

30.79 

Minimum 

18.90 

James,  above  Buchanan, 

Va. 

1895-1896 

16.85 
12.89 
14.47 
18.14 
15.36 
15.94 
20.73 
33.39 
10.34 
12.85 

7.17 
10.65 

6.32 
14.50 

8.72 
11.12 
17.99 
16.03 

5.86 

5.38 

43 

83 
44 
80 
57 
70 
87 
72 
57 
42 

9.68 
2.24 
8.15 
3.64 
6.64 
4.81 
2.73 
6.27 
4.48 
7.47 

15.31 
9.29 
14.14 
10.61 
10.54 
19.55 
7.57 
14.04 
11.69 
16.00 

2.91 
1.49 
3.21 
1.10 
1.90 
7.33 
1.31 
3.47 
2.52 
4.51 

19 
16 
23 
10 
18 
37 
16 
25 
22 
28 

12.40 
7.80 

10.93 
9.51 
8.64 

12.23 
6.36 

10.57 
9.17 

11. 4& 

31.92 

1896-1897 

17.15 

1897-1898 

29.91 

1898-1899 

26  06 

1899-1900 

23  74 

1900  1901 

27  01 

1901-1902 

14.89 

1902-1903 

26.51 

1903-1904 

19.00 

1904-1905 

26.41 

Mean 

15.99 
22.29 
10.34 

10.37 
17.99 
5.38 

65 
87 
43 

5.63 
10.14 
2.24 

12.87 
19.55 

7.57 

2.97 
7.33 
1.10 

23 
37 
10 

9.90 
12.40 
6.36 

24  26 

Maximum 

31.98 

Minimum 

14  89 
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TABLE  Q— (Continued). 
North  (of  James)  above  Glasgow,  Va. 


Winter  Months, 
Nov.  TO  Apr.,  Inclusive. 

Summer  Months, 
June.  July,  August. 

08 

Year. 

1 

a 

1 

9 

CM 
O 
®      • 

5? 

a  a 

to 

o 

<M 
C 

? 

a 

tM 

o 
$  o 

§§ 

5 

>> 

o 

ID 

1895-18% 

16.94 
11.88 
12.94 
18.90 
15.28 
16.33 
20.31 
21.82 
11.43 
13.06 

7.67 
9.24 
5.52 
11.74 
8.26 
9.33 
16.14 
14.78 
7.55 
5.45 

45 
78 
43 
62 
54 
57 
79 
68 
66 
42 

9.27 
2.64 
7.42 
7.16 
7.02 
7.00 
4.17 
7.04 
3.88 
7.61 

15.68 

3.43 

22 
15 
31 
8 
21 
36 
14 
21 
21 
31 

12.25 
8.14 
8.77 
9.79 
8.06 

11.88 
5.95 

13.30 
8.90 

10.06 

30.46 

1896-1897 

9.58 

1.44 

16.29 

1897-1698 

12.67!  3.90 
10.611  0.82 
10.211  2.15 
18.55'  6.67 
6.93^  0.98 

25.97 

1898-1899 

30.60 

1899-1900 

24.34 

1900-1901 

30.15 

1901-190;^ 

16.73 

1902-1903 

16.76 
11.28 
14.60 

3.46 
2.38 
4.54 

29.78 

1903-1904 

19. 70 

1904-1905 

23.70 

Mean 

15.89 
21.82 
11.43 

9.57 
16.14 
5.45 

60 
79 
42 

6.32 
9.27 
2.64 

12.69 
18.. 55 
6.93 

2.98 
6.67 
0.82 

23 
36 

8 

9.71 

13.30 

5.95 

24.77 

Maximum 

30.46 

Minimum 

16.29 

Appomattox,  above  Mattoax,  Va. 


1900-1901 

16.70 
21.83 
22.86 
9.91 
13.03 

6.74 

13.04 

16.55 

5.90 

7.24 

40 
60 

72 
60 
56 

9.96 
8.79 
6.31 
4.01 
5.79 

19.93 
10.54 
13.99 
10.74 
16.60 

5.61 
2.11 
3.90 
1.72 
1.90 

28 
20 
28 
16 
11 

14.32 

8.43 
10.09 
9.02 

14.70 

36.10 

1901-1902       

30.62 

190^-1903 

27.55 

1903-1904 

19.88 

1904-1905  

28.34 

Mean  

16.87 

22.86 

9.91 

9.89 
16.55 
5.90 

59 

72 
40 

6.98 
9.% 
4.01 

14.36 
19.93 
10.54 

3.05 
5.61 
1.72 

21 
28 
11 

11.81 
14.70 
8.43 

26.50 

36.10 

19.88 

Eoanoke,  above  Koanoke,  Ya. 


1896-1897 

14.65 
12.67 
21.47 
15.73 
16.14 
20.26 
22.31 
9.95 
15.29 

8.26 
4.74 
19.80 
8.27 
10. .34 
15.03 
14.50 
3.23 
4.43 

56 
37 
92 
53 
64 
74 
65 
32 
29 

6.39 
7.93 
1.67 
7.46 
5.80 
5.23 
7.81 
6.72 
10.86 

9.45 
10.73 
11.91 
10.43 
23.04 

8.06 
12.97 
16.55 
18.22 

2.16 
3.08 
1.50 
2.12 
10.82 
1.23 
2.87 
3.32 
5.56 

23 
29 
13 
20 
47 
15 
22 
20 
30 

7.29 

7.65 
10.41 

8.31 
12.22 

6.K3 
lO.lo 
13.23 
12.66 

20.29 

1897  1898 

26.16 

1898-1899.            

21  M 

1899-1900 

25.76 

1900-1901 

28.64 

1901  1902     

15.91 

1902-1903 

28.58 

1903-1904 

26.33 

1904-1905 

31.71 

16.50 
22.31 
9.95 

9.84 
19.  sn 
3.23 

60 
92 
29 

6.66 

10.86 

1.67 

13.4'i 

23.04 

8.06 

3.63 

10.82 

1.23 

27 
4? 
13 

9.85 
13.23 
6.88 

24.99 

Maximum 

31.71 

15.91 
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TABLE  G— (Continued). 
Roanoke,  above  Randolph,  Va. 


Winter  Months, 
Nov.  TO  Apr.,  Inclusive. 

Summer  Months, 
June,  July,  August. 

03 

0 

station. 

a 

its 

0 

a 

aj  3 

0 

a 

0 
a 
3 

1? 

Si 
^0 

to 

0 

►-1 

u 
0 

1900-1901 

16.56 
21.26 
24.65 
10.17 
14.94 

9.50 
13.95 
13.88 
4.64 
5.61 

57 
66 
56 
46 
38 

7.06 
7.31 
10.77 
5.53 
9.33 

20.81 
9.06 
12.91 
14.47 
15.79 

14.60 

20.81 

9.06 

9.01 
2.96 
3.43 
3.11 
4.63 

43 
33 

27 
22 
29 

11.80 
6.10 
9.48 
11.36 
11.16 

28.79 

1901-1902 

16.00 

1902-1903 

28  49 

1908-1904 

23.01 

1904-1905 

29.38 

Mean 

17.53 
34.65 
10.17 

9.53 
13.95 
4.64 

54 
66 

38 

8.00 

10.77 

5.53 

4.62 
9.01 
2.96 

32 
43 
23 

9.98 

11.80 

6.10 

25.14 

Maximum 

29.  S8 

Minimum 

16.00 

For  the  Mean  Year. 


Connecticut,  at  Orf  ord,  N.  H. 
Housatonic,  at  Gaylordsville, 

Conn 

Susquehanna,  at  Harrisburg. 

Pa 

Susquehanna,   at    Wilkes- 

Barre,  Pa 

Susquehanna,   at    Williams- 
port,  Pa 

Ohio,  at  Wheeling,  W.  Va. . . 
Potomac,  at  Point  of  Rocks, 

Md 

Shenandoah,     at      Millville. 

W.  Va....... 

James,  at  Cartersville,  Va... 

James,  at  Buchanan,  Va 

North  (of  James)   Glasgow, 

Va 

Appomattox,  at  Mattoax.  Va. 
Roanoke,  at  Roanoke,  Va. . . 
Roanoke,  at  Randolph,  Va. 


12.89 

11.19 

87 

1.70 

12.00 

3.87 

33 

8.13 

17.80 

17.12 

96 

0.68 

16.02 

5.12 

33 

10.90 

14.48 

13.58 

94 

0.90 

13.35 

2.85 

33 

9.40 

14.47 

16.48 

114 

-2.01 

14.00 

2.74 

30 

11.36 

15.48 
16.23 

14.76 
15.16 

95 
93 

0.72 
1.07 

13.87 
13.61 

3.30 
3.13 

36 
35 

9.57 
9.49 

14.14 

9.14 

65 

5.00 

11.80 

2.44 

21 

9.36 

14,38 
16.95 
15.99 

7,72 
10.76 
10.37 

54 
63 
65 

6.66 
6.19 
5.62 

13, 6C 
13.69 
12.87 

2.ro 

3.51 
2.07 

22 
26 
23 

9.80 
10.18 
9.90 

15.89 
16.87 
16.50 
17.53 

9.57 
9.89 
9.84 
9.53 

60 
59 
60 
54 

6.32 
6.98 
6.66 
8.00 

12.69 
14.36 
13.48 
14.60 

3.98 
3.05 
3,63 
4.63 

23 

21 
37 
33 

9.71 
11.31 
9.&5 
9.98 

15.10 
18.43 
„18.39 
16.66 

17.76 

19.02 

22.64 

24.69 
34.77 
34.36 

34.77 
36,50 
24.99 
25.11 
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By  Arthur  L.  Adams,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  Juxe  5tii,  1907. 


In  discussing  a  paper*  by  Edwin  H.  Warner,  M.  Am.  Soc.  C.  E., 
descriptive  of  a  large  water-power  installation,  the  writer  called 
attention  to  the  interesting  problem  of  design,  in  such  installa- 
tions, involved  in  the  determination  of  the  most  economic  size  of 
pressure  pipe. 

Between  the  pipe  of  infinite  diameter  which  would  be  necessary 
to  utilize  the  entire  static  pressure,  and  a  pipe  of  diameter  so 
small  that  the  entire  head  would  be  consumed  in  initial  velocity  at 
entrance  and  in  overcoming  resistances,  there  is,  of  course,  some 
point  representing  the  most  economic  adjustment. 

At  that  time,  the  writer,  reasoning  from  analogy,  suggested 
that  Sir  William  Thomas'  law  for  electric  transmission,  requiring 

*  "The  Hydraulic  Plant  of  the  Puget  Sound  Power  Company,"  Transactions,  Am. 
Soc.  C.  E.,  Vol.  LV,  p.  228. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceeclings.  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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that  ''the  rehition  between  the  investment  in  copper  and  the  cost 
of  the  power  consumed  in  line  losses  should  be  such  that  the  annual 
interest  on  capital  outlay  should  equal  the  annual  cost  of  the 
energy  wasted,"  was  also  applicable  to  the  transmission  of  power 
through  the  medium  of  water  flowing  in  pressure  pipe. 

More  deliberate  consideration  of  the  subject  has  convinced  the 
writer  that  this  conclusion  was  wrong.  He  is  able  now,  however, 
not  only  to  present  what  he  feels  confident  is  the  correct  solution; 
but  also,  as  a  result,  to  state  a  very  simple  rule  applying  to  all  such 
cases  with  sufficient  exactness,  which  he  hopes  and  believes  will  be 
of  substantial  value  to  the  profession. 

This  solution  is  based  upon  the  following  proposition,  which  is 
self-evident:  That  the  relation  between  the  investment  in  any  pipe 
line  and  the  value  of  the  energy  lost  in  frictional  resistance  to  flow 
is  most  economical  wherein  the  cost  of  the  pipe  plus  the  value  of 
the  energy  sacrificed  is  a  minimum.  Or,  if  one  chooses  to  state  it  in 
terms  of  the  annual  cost :  Wherein  the  annual  cost  of  the  pipe  line 
plus  the  value  of  the  energy  annually  sacrificed  is  a  minimum.  The 
writer  has  worked  out  the  solution  on  the  basis  of  the  first  manner 
of  stating,  but,  as  will  be  seen,  the  rule  is  equally  applicable  to 
either  proposition.  Table  1  is  self-explanatory,  and  is  made  the 
basis  of  the  graphical  solution  hereinafter  referred  to. 

In  compiling   Table   1,   the   frictional  loss   is   computed  by  the 

Chezy   formula,    S   =    y— — 7^)^'    ^^^    which     V    is    the    velocity, 

in  feet  per  second;  B  is  the  hydraulic  radius  (one-fourth  the  diam- 
eter) ;  C  is  a  coefficient  taken  in  this  table  uniformly  at  100;  and  S 
is  the  frictional  loss,  in  feet  per  linear  foot  of  pipe.  It  will  be  ob- 
served that  the  frictional  coefficient,  C,  is  taken  as  a  constant.  For 
riveted  pipes,  the  type  generally  used,  this  is  fully  warranted  by  the 
results  of  experiment,  while,  for  other  classes  of  conduit,  which  have 
been  in  use  for  a  considerable  length  of  time,  such  an  assumption 
will  lead  to  no  material  error. 

Two  other  assumptions  are  deserving  of  mention:  First,  no 
account  is  taken  of  the  additional  thickness  necessary  at  the  upper 
end  of  the  pipe  line  irrespective  of  the  requirements  to  resist  pres- 
sure, an  item  of  negligible  importance  in  the  solution  of  this 
problem;  and  second,  laps,  rivets  and  overweights  or  sheets  are  not 
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included  in  computing  the  weight  of  the  pipes,  as  these  may  be 
regarded  as  bearing  a  constant  relation  to  the  weight  of  the  pipe, 
and  consequently  will  not  affect  the  rule  sought.  The  weight  of 
pipes  for  given  pressures,  therefore,  is  taken  as  proportional  to  the 
squares  of  their  diameters,  an  assumption  which  is  substantially 
correct. 

TABLE  1. — Comparative    Data    for    the    Study    of    the    most 

Economic  Diameter  of  Pipe  to  be  Installed  for  Conducting 

100  Cu.  Ft.  of  Water  per  Second  from  a  Head-Eace  to 

the  Water- Wheels  ;  the  Pipe  being  assumed  as 

Vertical,  and  1  000  Ft.  in  Lexgth. 


(1)  - 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

.P. 

^■3      • 
2-^ 

.2  " 
a  d^ 

ftp, 
.S  ".a 

u  O  ^ 

thickness  of 
inches,  at  a 
f  10  000  lb. 
sq.  In. 

of  pipe,  in 
r  foot,  with- 
wance  ton 
overweight. 

o    . 

si 

aft 

energy  lost 
n  in  1000  It., 
per  horse- 
wer. 

energy  lost 
n  in  1000 ft., 
3er  horse- 
wer.- 

s 

'u  a 

CO       c6 
«  0  3 

Average 

pipe,  in 

strain  o 

per 

Weight 
pounds  pe 

out  alio 
seams  or 

of- 

X  03 

o 

Value  of 

infrictio 

at  $100 

po 

Value  of 

in  f  rictio 

at  $50  1 

po 

30 

83.3 

466.7 

3  024 

0.302 

97.5 

6.83 

75  440 

37  720 

83 

20.8 

479.4 

3  417 

0.342 

121.5 

8.50 

46  688 

23  342 

36 

13.4 

486.6 

3  783 

0.378 

146.5 

1C(.26 

30  357 

15178 

39 

9.0 

491.0 

4  136 

0.414 

173.8 

12.17 

20  389 

10  195 

42 

6.2 

493.8 

4  480 

0.448 

202.8 

14.20 

14  047 

7  023 

45 

4.4 

495.6 

4  817 

0.482 

233.0 

16.35 

9  968 

4  984 

48 

3.2 

496.8 

5151 

0.515 

271.6 

19.01 

7  249 

3  624 

54 

1.8 

498.2 

5  811 

0.581 

388.3 

23.68 

4  078 

2  039 

60 

1.1 

498.9 

6  465 

0.647 

418.4 

29.29 

2  492 

1246 

66 

0.8 

499.2 

7  116 

0.712 

506.6 

35.46 

1812 

906 

The  diagram,  Fig.  1,  presents  four  curves,  designated  as  A,  B, 
C,  and  D,  covering  a  wide  range  of  assumptions  as  to  the  cost  per 
pound  of  the  pipe  line  in  place  and  the  value  or  cost  of  the  energy 
sacrificed  in  frictional  resistance.  Two  of  these,  A  and  B,  are 
plotted  from  Columns  8  and  9  of  Table  1.  The  figures  for  C  and 
D  are  also  readily  deduced  from  the  data  in  Table  1. 

A  common  scale  is  used  for  the  axes  of  X  and  Y.  Those  points 
on  each  curve  which  satisfy  the  requirements  oi  X  -\-  Y  ^  a 
minimum  will  be  found  in  the  diagram  to  coincide  with  the  points 
of  tangency  with  right  lines  drawn  at  an  angle  of  45°  with  both 


Papers.]        glZE  OF  HIGII-rRESSURK  WATER-rOWER   PIPE 


509 


8.0       10.0      12.0      14.0       IG.O        18.0      2U.0      22.0      24.0      2G.0 
Cost  of  Pipe  Line,  in    Tliousands  of  Dollars 

Fig.  1. 


510  SIZE   OF   HIGH-PRESSURE   WATER-POWER   PIPE         [Papers. 

ordinates,  because  the  values  of  X  +  Y  increase  in  either  direc- 
tion therefrom. 

Now,  it  will  be  observed  that  these  points  of  tangency  for 
all  four  curves  lie  on  a  common  straight  line  through  the 
origin,  from  which  it  follows  that  the  tangent  of  the  angle,  6,  ex- 
presses the  economic  ratio  between  the  value  of  the  energy  sacri- 
ficed in  friction  and  the  cost  of  the  pipe  line;  and  this  ratio  is  a 
constant  whatever  may  be  the  unit  values  of  either  of  these  func- 
tions. Graphically,  it  is  not  possible  to  ascertain  the  mathemati- 
cally exact  value  of  tan.  Q\  practically,  it  is  not  necessary.  It  is 
from  0.40  to  0.42,  and  for  convenience  of  memory  may  be  stated  as 
the  former. 

Since,  in  financial  management,  annual  cost  bears  a  constant 
percentage  relation  to  capitalized  cost,  the  value  of  tan.  Q  will  be 
unchanged,  as  stated  at  the  beginning,  by  using  either  the  one  or 
the  other. 

The  writer,  therefore,  would  submit  as  the  rule  defining  the  true 
economic  relation  to  be  observed  in  designing  pipes  for  high-pres- 
sure water-power  installations  the  following,  the  volume  of  dis- 
charge, of  course,  being  fixed : 

That  pipe  fulfills  the  requirements  of  greatest  economy  wherein 
the  value  of  the  energy  annually  lost  in  frictional  resistance  equals 
four=tenths  (0.4)  of  the  annual  cost  of  the  pipe  line. 

The  writer  regrets  that,  having  long  since  lost  possession  of  his 
calculus,  he  finds  himself  unable  to  verify  the  rule  mathematically, 
but  he  hopes  someone  able  to  do  so  will  feel  interest  enough  in  the 
subject  to  undertake  it. 
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The  plans  and  specifications  for  the  Ballston  Spa  sewage  dis- 
posal plant  were  prepared  by  John  M.  Farley,  M.  Am.  Soc.  C.  E., 
and  the  writer  acted  as  assistant  in  the  design. 

Ballston  Spa  is  in  Saratoga  County,  N.  Y.,  on  the  Kayaderos- 
seras  Creek,  which  flows  eastward  through  the  adjoining  farming 
country  for  about  4  miles  and  empties  into  Saratoga  Lake.  The 
average  population  is  about  6  000,  although  during  the  summer  it 
is  much  larger.  Besides  the  usual  stores  and  other  business 
buildings  common  to  a  country  town,  there  are  a  number  of  manu- 
factories of  considerable  size  and  output.  Among  these  are  th& 
American  Hide  and  Leather  Company's  tannery,  the  Union  Bag 
and  Paper  Company's  Island  Mill,  and  the  Glen  Sulphite  Pulp  Mill. 

The  Kayaderosseras  Creek,  being  the  natural  drainage  stream 
for  the  village,  has  received  all  the  products  that  have  passed 
through  the  sewers,  the  tannery  alone  sending  down  to  the  creek, 
through  an  arm  thereof,  daily  between  300  000  and  400  000  gal.  of 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedinqs,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 


512  SEWAGE  DISPOSAL  WORKS,  BALLSTON  SPA,  N.  Y.      [Papers. 

sewage  of  such  a  nature  as  to  render  the  creek  very  unsightly. 
This,  together  with  the  pulp  mill  wastes  and  domestic  sewage  con- 
tributions, brought  about  such  a  condition  of  pollution  that  in 
March,  1899,  Governor  Roosevelt,  acting  on  a  petition  of  residents 
and  property  owners  in  the  vicinity  of  Saratoga  Lake,  who  claimed 
the  existence  of  a  nuisance,  ordered,  under  Chapter  661  of  the  Laws 
of  1893,  that  all  pollution  of  the  Kayaderosseras  Creek  be  discon- 
tinued. Whereupon,  the  Village  of  Ballston  Spa  undertook  the 
investigations  which  led  to  the  construction  of  the  disposal  works 
herein  described. 

In  the  design  of  these  works,  the  engineers  had  to  keep  in  mind 
that  the  make-up  of  the  estimated  1  000  000  gal.  of  sewage  per  day 
was  as  follows : 

Domestic  sewage   500  000  gal. 

Tannery  wastes   400  000     " 

Possible  infiltration    100  000     " 

The  infiltration  is  high  because  the  new  sewer  lines  make  con- 
nection with  many  old  private  lines  which  were  built  as  "com- 
bined" sewers  and  without  the  idea  of  future  treatment.  Further- 
more, the  engineers  had  to  keep  in  mind  that: 

1. — The  cost  to  the  town  must  be  kept  at  the  minimum,  while 

giving  satisfactory  results. 
2. — The  sewage  must  be  treated  in  such  a  manner  that  no 
objection,  legal  or  otherwise,  can  be  raised  because  of 
the     discharge     of     the     resulting     effluent     into     the 
Kayaderosseras  Creek. 
3. — A  method  must  be  selected  which  will  remain  effective 

during  severe  winter  weather. 
4. — The  plant  must  not  create  a  nuisance  in  its  own  neigh- 
borhood. 
5. — Due  regard  must  be  given  to  the  future  growth  of  the 
town. 

To    determine   the   exact    nature    of   the    sewage,    both   tannery 
wastes  and  domestic,  the  engineer  recommended  that  the  Board  of 
Trustees  retain  Dr.  Leonard  P.  Kinnicutt,  of  the  Worcester  Poly- 
technic Institute,  to  analyze  the  samples  taken.     Table  1  shows  his 
analyses. 
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TABLE  1. — Analyses  of  Sewage  Samples. 
(In  parts  per  100  000.) 


Domestic  sewage. 

Tannery  sewage. 

Marked 

Marked 

18.0 

584.2 

14.5 

379.2 

3.5 

205.0 

8.8 

205.8 

5.5 

84.4 

3.3 

121.4 

9.2 

378.4 

9.0 

294.8 

0.2 

83.6 

0.32 

2.62 

0.384 

4.594 

Turbidity 

Residue,  total 

dissolved 

"■        suspended 

"         volatile,  total 

"  "        dissolved 

"  "       suspended 

"        fixed,  total 

"  "      dissolved 

"  "      suspended 

Ammonia,  free 

albuminoid,  total 

'•  "  dissolved.. 

"  "  suspended 

Chlorine 


120.58 


As  the  study  of  the  problem  progressed  further,  it  was  deemed 
advisable  to  determine  the  influence  of  the  tannery  wastes  in  combi- 
nation with  the  domestic  sewage,  from  chemical  and  bacteriological 
points  of  view,  and  Harrison  P.  Eddy,  M.  Am.  Soc.  C.  E.,  was  re- 
tained, and  reported  the  results  given  in  Table  2. 


TABLE  2. — Studies   in   Eelation   to   the    Septic   Properties   of 
Tannery  Waste  from  Ballston  Spa,  N.  Y.,  August  14th,  1905. 

Total  Number  of  Bacteria  Cultures  in  Ice. 


♦Sample. 

July  29th. 

July  31st. 

August  2d. 

Augvist  5th. 

August  8th. 

S 

8  000  ono 
Liquefied. 

8  000  000 

700 

19  200 

10  000  000 

47  200 

3  135  000 

320  000  000 

2  445  000 

27  840  000 

36  000  000 

W     

232  600  000 

w+  s 

1  801  500  000 

Free  ammonia  in  fresh  sample  and  after  standing;  results  in  parts  per  100  000: 

TT,  July  29th  r=  3.10:  W,  Aug.  5th  =  5.10. 
Alkalinity,  in  terms  of  CaO  in  100  cc: 

W  =  0.0693  gram. 
*  Description  of  samples: 

S  =  Sample  of  domestic  sewage  from  Tatman  Street  sewer; 
W  =  Tannery  waste. 

These  samples  represented  about  the  mixture  that  would  have  to 
be  treated  by  the  disposal  plant.  Mr.  Eddy  found  an  increase  in  the 
number  of  bacteria  per  cubic  centimeter  and  a  great  increase  in 
the  mixture.  The  free  ammonia  was  the  same  in  each  sample, 
which  would  tend  to  show  that  the  tannery  product  was  only  slightly 
antiseptic,  if  at  all;   and,  furthermore,  the  mixture  with  domestic 
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sewage  in  the  ratio  of  1  to  1,  or  more,  really  caused  a  greater 
bacterial  activity  in  breaking  down  the  organic  matter. 

The  tannery  waste  is  the  liquid  waste  which  results  from  the 
treatment  of  hides,  being  lime  water  neutralized  by  lactic  acid. 
It  also  contains  the  red  liquid  product  made  by  passing  water  over 
ground  hemlock  bark. 

The  minimum  daily  flow  of  Kayaderosseras  Creek  is  said  to  be 
30  000  000  gal.,  and,  as  the  State  Board  of  Health  set  no  standard 
of  purification  to  be  reached,  it  was  thought  that  the  works  should 
be  planned  to  produce  an  effluent  which  would  be  non-putrescible 
and  would  quickly  mix  with  the  creek  water  and  be  ultimately 
purified. 

The  disposal  plant  consists  of  the  receiving  tanks,  the  pumping 
outfit,  a  12-in.  cast-iron  force  main,  septic  tanks,  and  double  con- 
tact beds,  as  shown  in  Fig.  1. 

The  sewage  is  delivered  to  the  receiving  tank,  or  well,  by  an 
extension  of  the  20-in.  Gordon  Creek  sewer,  which  has  a  by-pass 
directly  into  the  creek  about  1 100  ft.  above  the  receiving  tank. 
The  receiving  tank  is  on  fiat  gravelly  ground  about  150  ft.  from  the 
creek,  and  at  a  point  where  the  roof  of  the  tank  may  be  sub- 
merged in  times  of  high  water.  The  tank  is  of  reinforced  con- 
crete construction,  as  shown  by  Plate  LIV,  70  ft.  in  diameter  and 
9  ft.  deep,  and  when  full  will  contain  259  000  gal.,  or  25%  of  the 
day's  flow.  It  is  divided  into  two  equal  compartments  by  a  solid 
concrete  wall,  36  in»  thick  at  the  base  and  20  in.  thick  at  the  top, 
and  extending  from  floor  to  roof.  This  wall  also  subdivides  the 
gate-chamber.  Just  outside  the  inlet  gate-chamber  the  20-in.  vitri- 
fied pipe  sewer  changes  to  a  flanged  cast-iron  pipe,  and  is  divided 
into  two  20-in.  pipes.  These  lead  into  the  gate-chamber,  one  into 
either  compartment,  and  each  is  provided  with  a  20-in.,  bronze- 
mounted  shear-gate. 

From  these  chambers  two  flanged  cast-iron  pipes  lead  into  the 
receiving  basin,  and  are  each  provided  with  20-in.  gates,  whereby 
the  sewage  may  be  turned  into  either  or  both  compartments.  From 
here  it  passes  through  two  16  by  16-in.  openings,  provided  with 
sluice-gates,  into  the  suction-chamber,  from  which  it  is  delivered 
by  pumps  through  the  12-in.  force  main,  2  700  ft.  long,  to  the 
septic  tanks  and  contact  beds. 
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The  receiving  tank  is  subdivided,  to  facilitate  cleaning.  By  this 
arrangement  all  the  sewage  may  be  turned  into  one  side,  while 
the  other  is  cut  off,  emptied,  and  cleaned.  Each  compartment  of  the 
gate-chamber  is  provided  with  a  20-in.  flanged  overflow  pipe.  The 
depth  of  the  sewage  in  the  receiving  tank  is  8  ft.  at  the  inlet  end, 
and  8  ft.  6  in.  at  the  outlet  end.  The  floor  has  a  slope  of  6  in.  in 
its  length  along  the  center  wall.  At  the  outlet  end  of  each  com- 
partment, directly  in  front  of  the  sluice-gates,  there  is  a  wall  12  in. 
high  which  prevents  the  very  heavy  matter  from  entering  the 
suction-chamber.  The  suction  pipe  is  protected  still  further  by 
intercepting  screens  erected  across  the  suction-chamber.  These 
screens  are  kept  clean  with  rakes  manipulated  from  the  platform 
above. 

The  roof  of  this  tank  is  of  special  construction,  designed  to 
uphold  a  dead  load  of  1  ft.  of  earth  covering,  and  5  ft.  of  water. 
The  walls  of  the  pumping  station  have  been  brought  up  solid  6  ft. 
above  the  roof  of  the  receiving  tank  and  made  perfectly  water-tight. 
The  pumping  outfit  consists  of  two  Rumsey,  single-acting,  outside- 
guided  and  outside-packed,  12  by  14-in.,  plunger  pumps,  with  bronze 
plungers  and  bronze  ball-valves.  Each  pump  is  connected  by  gear- 
ing to  a  25-h.  p.,  600-rev.  per  min.,  220-volt,  40-cycle,  General  Elec- 
tric motor,  geared  to  give  the  pumps  a  speed  of  34  rev.  per  min., 
or  each  pump  a  capacity  of  800  gal.  per  min.  Between  the  two 
pumps,  and  connected  to  each  by  a  friction-clutch  coupling,  there 
is  a  25-h.  p.  Fairbanks-Morse  gasoline  engine,  which  is  installed 
for  emergency  power,  and  is  only  intended  to, be  used  in  the  event 
of  the  stoppage  of  the  electric  current.  The  plant  is  arranged  so 
that  either  pump  can  be  driven  from  the  engine,  or  by  its  own 
separate  motor. 

The  plan  is  to  pump  the  sewage  to  the  septic  tanks  so  as  to  keep 
a  constant  flow  at  the  tanks  day  in  and  day  out.  The  receiving 
tanks  and  pumping  well  are  intended  to  equalize  the  flow  of  sewage 
from  the  village  in  such  a  manner  that  there  will  be  no  disturbance 
of  the  septic  conditions  in  the  tanks. 

It  is  seen  that  at  the  very  outset  the  conditions  are  unusual. 
First,  the  sewage  flows  through  about  half  a  mile  of  20-in.  sewer  with 
s  very  light  grade,  where  some  primary  septic  action  is  being  de- 
veloped.   Second,  it  is  held  in  a  receiving  tank  or  sump  for  a  period 
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of  from  .")  to  1)  hours,  depoiidiug'  upon  the  use  of  the  full  capacity 
or  only  half  the  capacity  of  the  sump.  Third,  there  is  a  severe 
mechanical  breaking  up  of  the  organic  matter  by  the  action  of  the 
pumps  in  lifting  it  to  the  septic  tanks. 

The  septic  tanks  (Plate  LV)  are  on  the  top  of  a  small  hill,  and 
placed  so  that  the  effluent  therefrom  can  pass  by  gravity  through 
the  double  sets  of  contact  beds,  and  underdrain  back  into  the  creek. 
Sludge  draw-off  pipes  are  provided  to  take  the  sludge  to  beds  pre- 
pared for  that  purpose. 

The  12-in.  cast-iron  force  main  delivers  into  a  by-pass  chamber 
which  is  a  concrete  manhole  4  ft.  square  and  5  ft.  deep.  From 
this  chamber  are  led  the  12-in.  pipe  which  supplies  the  septic  tanks, 
and  the  12-in.  by-pass  sewer  which  passes  around  the  works  and 
connects  with  the  final  underdrain  to  the  brook  beyond. 

There  are  three  septic  tanks,  and  they  are  arranged  so  that  they 
may  be  placed  in  operation  singly,  or  in  sets  of  two,  or  all  at  the 
same  time.  Each  tank  proper  is  111  ft.  long,  35  ft.  wide,  8  ft.  deep  at 
the  inlet  end,  and  7  ft.  deep  at  the  outlet  end,  measured  from  the  flow 
line,  and  each  holds  approximately  218  000  gal.,  or  about  22%  of 
the  estimated  daily  flow,  and  would  give  a  tank  period  of  a  little 
more  than  5  hours  if  only  one  unit  at  a  time  were  in  use ;  but,  count- 
ing the  action  in  the  pump-well  as  3  hours,  the  minimtim  period  for 
septic  action  is  abovtt  8  hours ;  and  when  all  three  units  are  in  use 
at  the  same  time,  with  the  pump-well  full,  the  maximum  period 
for  septic  action  is  about  24  hours.  Hence,  in  operating  the  plant, 
there  will  be  a  considerable  range  through  which  to  try  the  efl^ect 
of  rates  of  retention. 

After  leaving  the  by-pass  chamber,  the  sewage  passes  through 
the  12-in.  pipe  to  the  three  gate-chambers,  one  at  the  head  of  each 
septic  tank.  These  chambers  are  3  by  4  ft.  in  plan,  and  about  5  ft. 
deep.  In  them  are  set  two  12-in.  bronze-mounted  shear-gates  to  per- 
mit the  flow  to  enter  each  tank,  or  pass  on  to  the  next.  The  sewage 
enters  each  tank  by  two  12-in.  bends  of  terra  cotta  pipe,  brought 
down  3  ft.  below  the  flow  line.  The  pipe  is  supported  by  the  end 
wall  of  the  tank.  The  floor  has  a  slope  of  1  ft.  from  the  outlet 
end  to  the  inlet  end,  and  is  channeled  diagonally  the  full  length. 
At  the  end  of  the  channel  a  12-in.  sludge-pipe  leaves  the  tank  and 
enters    the    sludge-valve    chamber    which    is    approximately    3    ft. 
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square  and  the  full  depth  of  the  tank.  In  this  chamber  is  set  a  12- 
in.  bronze-mounted  gate-valve  arranged  so  that,  when  it  is  necessary 
to  remove  the  scum  or  sludge  from  the  tanks,  the  opening  of  the 
gate  will  pass  this  matter  out  through  a  12-in.  sludge-sewer  to  the 
sludge-beds  beyond,  where  it  can  be  composted  or  plowed  under. 

In  each  septic  tank,  3  ft.  from  the  outlet  end,  is  a  timber  baffle 
wall,  extending  from  side  to  side  of  the  tank.  It  can  be  raised  or 
lowered  by  wheel  screws  fixed  on  the  roof  of  the  tank.  The  idea 
in  this  is  to  permit  the  adjustment  of  the  opening  beneath  the 
baffle  so  as  to  prevent  undue  currents.  After  passing  under  this 
baffle,  the  effluent  leaves  each  tank  over  three  weirs  in  the  end  wall. 
Each  weir  opening  is  6  ft.  long,  and  has  a  space  in  the  wall  2  ft. 
high.  The  weir  itself  is  of  bluestone,  18  in.  wide  and  2  in.  thick, 
built  into  the  concrete  with  a  slope  of  1  in.  outward.  The  effluent 
falls  from  the  weirs  upon  a  coke  breeze  filter,  the  particles  of  which 
have  a  diameter  not  greater  than  i  in.  The  filter  is  2  ft.  deep  and 
2  ft.  wide  and  extends  the  entire  width  of  each  tank.  The  filter 
material  is  held  in  place  by  an  8-in.  hollow  brick  wall.  This  ar- 
rangement is  set  in  a  filter  chamber  5^  ft.  wide  and  extending  the 
full  width  of  all  three  tanks.  The  main  tank  roof  extends  over  this 
portion,  and  in  it  4  by  3-ft.  open  gratings  are  set.  Each  tank  has 
three  of  these  openings. 

The  effluent,  after  passing  the  filter,  flows  to  the  center  of  the 
filter  chamber  and  leaves  by  a  12-in.  pipe,  passing  to  the  contact 
beds  beyond.  It  is  thought  that  by  this  bed  the  suspended  particles 
of  the  bacterial  mat  formation,  which  occasionally  break  loose  and 
pass  out  of  septic  tanks,  will  be  arrested  on  the  coke,  and  that  the 
coke  may  be  renewed  from  time  to  time,  thereby,  to  a  great  extent, 
Ijrotecting  the  contact  beds  from  clogging.  Furthermore,  it  acts 
as  an  aerator,  and  starts  the  oxidation  of  the  effluent.  It  is  hoped 
that  the  life  of  the  contact  beds  will  be  very  long,  and  that  it  will 
be  necessary  to  clean  them  only  at  very  long  intervals. 

The  septic  tanks  and  gate-chambers  (Plate  LVI)  are  of  rein- 
forced concrete,  in  which  the  Kahn  system  of  trussed  bars  is  used. 
The  thickness  of  the  walls  is  2  ft.  at  the  base  and  1  ft.  at  the  top. 
They  rest  on  a  footing  1  ft.  thick  and  1  ft.  wider  than  the  wall. 
The  total  depth  at  the  inlet  end,  from  the  underside  of  the  roof  to 
the  top  of  the  finished  floor,  is  12  ft.,  and  at  the  outlet  end  is  11 
ft.     The  thickness  of  the  floor  is  S  in.  and  of  the  roof  6  in. 
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The  roof  is  supported  down  the  center  of  each  tank  by  five 
columns,  2  ft.  square,  and  18  ft.  6  in.  from  center  to  center  length- 
wise of  the  tank,  and  18  ft.  from  center  to  center  across  the  tank. 
The  roof  over  each  tank  contains  four  manhole  openings,  3  ft.  in 
diameter,  and  is  ventilated  by  two  6-in.  openings  for  gases. 

There  are  four  primary  and  four  secondary  contact  beds  at  high 
and  low  level.  The  effluent  from  the  tanks  flows  directly  to  the 
gate-chamber  of  the  contact  beds  through  a  12-in.  vitrified  pipe 
sewer.  This  gate-chamber  is  4  ft.  square,  has  12-in.  walls,  and  in 
it  are  set  four  bronze-mounted  shear-gates  which  control  the  flow 
of  sewage  to  either  of  the  four  primary  contact  beds.  The  beds 
are  each  120  ft.  long,  90  ft.  wide,  and  6  ft.  deep,  from  the  top  of 
the  finished  wall  to  the  top  of  the  finished  floor.  The  walls  are  of 
concrete,  1  ft.  thick  at  the  top  and  2  ft.  thick  at  the  bottom,  built 
on  a  footing  1  ft.  thick  and  3  ft.  wide.  The  wall  between  the 
primary  and  secondary  beds  is  12  ft.  high;  its  thickness  is  18  in. 
at  the  top  and  5  ft.  at  the  bottom,  and  it  is  built  upon  a  footing 
1  ft.  thick  and  7  ft.  wide.  This  wall  resists  the  thrust  of  the  con- 
tact material  of  the  primary  bed,  and  the  natural  earth  upon  which 
it  is  built.  All  the  floors  of  the  beds  are  6  in.  thick.  The  contact 
material  is  broken  field  stone,  or  hard-heads,  and  is  mostly  of  a 
hard  and  crystalline  character  like  granite;  it  has  made  a  most  uni- 
form material  throughout,  both  as  to  hardness  and  color. 

The  specifications  for  contact  material  called  for  li,  2,  and  3-in. 
broken  stone  of  such  a  character  as  to  resist  disintegration  by  the 
action  of  the  elements.  This  same  broken  stone,  but  of  "i  to  1  in. 
least  diameter,  and  not  exceeded  by  more  than  50%"  was  used  as 
concrete  material.  The  contact  material  fills  the  beds  to  within 
6  in.  of  the  top  of  the  walls,  giving  a  depth  of  5J  ft.  The  dis- 
tribution of  the  sewage  is  brought  about  by  a  system  of  12,  10,  8, 
6,  and  4-in.  vitrified  pipe  distributors  laid  in  the  top  of  the  contact 
material.  The  larger  pipes  act  as  mains,  and  the  lesser  pipes  as 
branches  therefrom  at  angles  of  45  degrees. 

The  contact  material  is  graded,  the  coarse  being  at  the  bottom 
and  the«  fine  at  the  top.  The  lower  18  in.  contains  2  and  3-in. 
broken  stone;  the  next  3  ft.  contains  lA-in.  stone,  and  the  upper 
layer  is  of  2-in.  stone.  In  each  bed  there  is  a  series  of  nine  lines 
of   5-in.   horseshoe-tile  underdrains,   laid  on   the  finished   concrete 
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floor  and  radiating  toward  the  center,  at  which  is  the  gate-house. 
There  is  a  gate-chamber  and  house  in  the  center  of  each  group  of 
four  beds  (two  primary  and  two  secondary),  in  which  are  the  gates 
and  valves  which  control  the  emptying  of  the  primary,  and  the 
emptying  and  filling  of  the  secondary  beds.  There  is  first  an  upper 
compartment  into  which  the  underdrains  of  the  primary  beds  de- 
liver. This  is  3i  ft.  square  and  6  ft.  deep,  from  the  top  of  the  wall 
of  the  upper  bed.  Outside  of  this  chamber,  in  the  two  upper  beds, 
are  bluestone  covers  which  receive  the  tile  underdrains.  Back  of 
this,  and  against  the  wall  of  the  gate-chamber,  is  set  a  12-in.  sluice- 
gate at  the  level  of  the  floor  of  the  primary  bed.  This  is  controlled 
by  a  spindle  and  wheel  screw  operated  from  the  floor  of  the  gate- 
house above.  There  is  a  float-gauge  at  this  point,  with  an  indicator 
in  the  gate-house  to  show  the  level  of  the  sewage  in  the  bed.  There 
is  a  12-in.  plug-valve  in  the  bottom  of  the  chamber,  which  connects 
directly  with  the  12-in.  effluent  pipe  leading  to  the  creek.  The 
secondary  beds  are  controlled  by  two  12-in.  shear-gates  inside  the 
gate-chamber,  and  two  12-in.  gate-valves  in  the  well  beneath,  level 
with  the  floor  of  the  secondary  beds.  Each  gate-chamber  is  covered 
by  a  handsome  red  brick  gate-house  with  a  red  tile  roof.  This 
structure  protects  the  wheels  and  lever  handles  of  the  several  gates 
and  valves. 

It  is  estimated  that  each  bed  will  hold  130  000  gal.  of  sewage 
independent  of  the  contact  material,  and  have  an  ample  allowance 
for  the  ultimate  partial  filling  of  the  voids  due  to  undecomposed 
sewage  particles  retained  therein.  The  beds  may  be  worked  in_  a 
number  of  combinations,  and  with  various  periods  of  retention. 
It  is  proposed  to  use  them  in  cycles  as  follows: 

Assuming  that  sewage  is  first  turned  into  Bed  ISTo.  1  at  12 
o'clock,  midnight,  this  bed  will  fill  for  2  hours,  stand  for  2  hours, 
and  empty  for  2  hours  into  Bed  No.  1  of  the  secondary  set.  Bed 
No.  2  of  the  primary  set  begins  to  fill  at  2  a.  m..  Bed  No.  3,  at  4 
A.  M.,  Bed  No.  4,  at  6  a.  m.,  and  Bed  No.  1  begins  to  refill  at  8  a.  m. 
The  secondary  set  follows  the  primary  set.  The  sewage  is  in 
contact  in  passing  through  the  beds  from  midnight  until  8  A.  M., 
that  is,  that  which  enters  Bed  No.  1  (primary  set),  between  mid- 
night and  2  a.  m.,  leaves  Bed  No.  1  (secondary  set),  between  8  and 

10  A.  M. 
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Fi(i.  1.— Tile  Underdrains. 


Fig.  2.— Placing  Contact  Material. 
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Fig.  1.— Secondary  Beds. 


Fig.  3.— Primary  and  Secondary  Beds. 
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The  cost   of   tho   work,   as   shown   by   the   accepted  bid,   was   as 
follows : 

Septic  tanks,  beds,  etc $39  456 

Receiving  tank,  pumping  ontfit 15  254 

Pump-house 3  072 

Two  gate-houses  1 118 

Force  main  ($1.68  per  ft.) 4  536 

Sewer  extension  ($1.41  per  ft.) 1  551 

Crushed  stone   ($0.90  per  cu.  yd.) 18  000 

Total $82  987 

The  contractors  were  Messrs.  Brown  and  Lowe,  of  Schenectady, 
N.  Y. 


Vol.XXXIIl.  MAY,  1907.  No.  S. 


AMEEICAN  SOCIETY  OF  CIVIL  ENGINEEES. 

INSTITUTED     185^. 


PAPERS  AND  DISCUSSIONS. 

This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE  LOWER  COLORADO  RIVER  AND  THE 
SALTON  BASIN. 

Discussion.* 


By  Messrs.  W.  de  H.  W.\shixgton  and  J.  A.  Ockerson. 


Mr.  Washing-  \V.  DE  H.  WASHINGTON,  Assoc.  M.  Am.  Soc.  C.  E. — The  Speaker 
recently  visited  the  scene  of  the  break  in  the  Colorado  River,  and 
will  attempt  to  describe  briefly  some  of  the  events  which  have  oc- 
curred since  the  last  break  described  in  Mr.  Grunsky's  able  paper, 
although  no  adequate  idea  of  the  magnitude  of  the  problem  can  be 
obtained  from  any  description. 

At  that  time  the  break  was  nearly  half  a  mile  wide,  the  velocity 
of  the  water  in  the  river  was  from  3  to  6  miles  per  hour,  and  the 
channels  were  from  20  to  35  ft.  deep. 

The  material  in  the  river  bottom  has  little  or  no  value  as  a 
holding  agent.  One  of  the  discussers  refers  to  a  method  of  hand- 
ling materials  "as  fine  as  sea  sand,"  but,  in  comparison  with  the 
Colorado  Riyer  silt,  sea  sand  is  almost  as  coarse  as  cobble-stones. 
This  silt,  when  wetted  and  rubbed  between  the  fingers,  gives  no 
feeling  of  grit,  whatever;  neither  can  one  hear  any  sound  of  grit 
when  holding  it  close  to  the  ear,  and  rubbing  it  in  the  fingers. 

During  low  water,  when  the  river  bottom  is  dry,  one  may  stand 
on  this  material,  and  it  seems  to  be  quite  firm,  yet,  by  pressing  the 
foot  iipon  it  several  times  the  sensation  is  that  of  standing  upon  a 
mattress  resting  upon  water.  It  feels  as  though  that  slight  pres- 
sure of  the  foot  had  made  the  soil  beneath  as  fluid  as  water.  The 
surface  or  top  covering,  however,  may  be  removed,  and  no   water 

*  Continued  from  April,  1907,  Proceedings. 
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will  1)0  soiMi.  (iiily  Avet  mud  which,  apparently,  has  not  enough  sus- Mr.  Washing- 
taininf"-  po\v(>r  to  support  one's  finger.  *°"' 

The  silt  in  the  river  bottom,  when  dry,  ahiiost  invariably  cracks 
in  the  form  of  pentagonal  prisms.  From  above,  its  appearance  is 
not  unlike  the  peculiar  formation  at  the  Giant's  Causeway.  The 
cracks  are  so  large  that  one's  hand  may  be  thrust  into  them,  and 
so  deep  that  one  cannot  see  the  bottom.  It  might  be  thought  that 
one  could  walk  and  stand  upon  this  cracked  and  baked  soil,  but  it 
is  treacherous ;  the  speaker  tried  it,  and  sank  almost  to  the  hips. 
The  surface  may  be  dry  for  a  foot  or  two,  but  there  is  no  sustain- 
ing power  below  that.  This  material  will  not  expand  again  if 
water  is  placed  on  it,  but  will  simply  remain  in  that  form,  the 
angular  parts  only  melting  and  filling  the  interstices.  It  has  very 
little  consistency,  and  if  any  water  comes  in  contact  with  it  (even 
the  3  ft.  of  head  mentioned  in  the  paper),  it  will  find  its  way 
through  it,  so  that  unless  the  silt  is  entirely  removed  from  under 
a  levee  before  its  construction,  the  water  is  likely  to  wash  it  out. 
Without  doubt,  this  material  is  composed  of  exceedingly  fine  alkali 
dust  carried  down  by  the  river  from  that  vast  region  between  the 
Sierra  Nevadas  and  the  Rockies.  The  Colorado  is  very  seldom 
clear,  but  carries  from  2  to  as  much  as  7%  of  suspended  matter, 
and  the  fact  that  such  a  large  percentage  of  this  material  is  carried 
in  suspension  for  so  great  a  distance  gives  some  idea  of  its  ex- 
treme fineness. 

Like  the  Mississippi  and  the  Nile,  the  Colorado  has  built  up  its 
bed  until  it  is  practically  running  in  a  channel  above  the  level  of 
the  surrounding  country  on  both  sides;  consequently,  any  break 
in  the  bank  gives  it  an  opportunity  to  rush  away  with  a  rapid 
current.  Breaks  in  the  Mississippi  levees  are  readily  closed  because 
the  slope  of  the  land  away  from  the  river  is  not  great  enough  to 
cause  much  current  across  the  country;  and  there  is  no  channel 
cutting,  as  the  bottoms  are  usually  level,  and  the  water  spreads  and 
soon  begins  to  back  up. 

Away  from  the  banks  of  the  Colorado,  however,  there  is  a  slope 
of  about  5  ft.  per  mile,  and  the  scouring  action  of  such  a  river 
in  such  material  is  very  great.  Down  in  the  desert  a  fall  of  about 
70  ft.  has  been  formed  by  the  back-cut  of  the  river;  in  fact,  it  has 
back-cut  in  the  same  way  as  the  Niagara.  There  is  little  doubt 
that  Niagara  Falls  were  at  one  time  as  far  down  as  Lewiston,  at 
the  foot  of  the  gorge.  This  can  easily  be  understood  by  examin- 
ing the  gorge;  and  it  is  known  that,  from  year  to  year,  the  falls 
are  gradually  receding  toward  Buffalo. 

When  the  total  flow  of  the  Colorado  was  diverted  from  the  old 
into  the  new  channel,  the  old  channel  was  left  dry.  The  greatest 
river  flow  is  about  120  000  cu.  ft.  per  sec,  and  this  was  the  volume 
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Mr.  Wasning-  of  water  with  which  the  engineers  had  to  cope.  The  rises  in  the 
river  are  uncertain  on  account  of  the  water-spouts  or  cloudbursts 
on  the  water-shed  of  the  Gila  River,  which  enters  only  12  miles 
above  Yuma.  Frequently,  within  24  hours,  this  river  pours  down 
as  much  water  as  the  maximum  flow  of  the  Colorado.  The  periods 
of  greater  flow  in  the  Colorado  are  between  May  15th  and  August 
15th;  but  the  Gila  is  likely  to  rise  at  any  time. 

In  repairing  the  break,  practically  all  methods  proven  by  the 
best  previous  practice  were  tried.  Brush  mattresses,  about  18  in.  in 
thickness,  were  put  in,  and  more  than  40  miles  of  cable,  2  000  cords 
of  brush,  and  1 100  piles  were  used,  but  neither  mattresses  nor 
anything  else  which  could  be  placed  upon  that  mud  would  hold, 
because  the  slightest  current  caused  scour  beneath  the  mattresses. 

Finally,  three  parallel  trestles,  about  30  ft.  apart,  were  built 
across  the  break,  and  from  them  were  dumped  the  largest  stones 
obtainable,  some  of  which  weighed  as  much  as  6  tons.  Such  stones, 
lying  upon  the  silt,  had  sufficient  weight  to  prevent  the  water  from 
undercutting,  and  held  the  silt  until  more  stones  could  be  put  in. 

Fortunately,  several  hundred  cars,  used  in  making  the  Lucian 
cut-off  across  Great  Salt  Lake,  were  at  the  disposal  of  the  Southern 
Pacific  Railroad.  Most  of  these  were  50-ton,  side-dump,  ballast 
cars,  facetiously  called  "battleships."  These  were  loaded  with 
stone  and  brought  down  in  trains  of  40  or  50  cars.  These  cars  were 
unloaded  almost  simultaneously  on  the  trestles,  and  thus  a  cascade 
dam  was  made,  with  the  large  rocks  below  and  the  smaller  ones 
on  top.  Of  course,  such  a  dam  was  permeable,  but  the  rocks  on 
the  bottom  held  the  silt  until  a  tighter  dam  could  be  raised. 
Finally,  when  the  flow  was  turned  back  into  the  old  channel,  the 
face  of  the  dam  was  filled  in  with  gravel,  then  with  clay,  and  then, 
to  make  it  water-tight,  silt  was  pumped  on  it. 

It  is  not  thought  that  one  trestle,  or  even  two,  would  have  been 
sufficient  to  make  the  closure,  as  the  third  was  needed  as  a  rein- 
forcement. Some  of  the  piles  in  the  trestles  were  nearly  100  ft. 
long,  many  of  them  were  65  ft.,  and  yet,  during  the  last  rise,  the 
scouring  power  of  the  river  was  so  great  that  many  of  these  piles 
were  undermined  and  shot  up  through  the  water  and  floated  away. 
In  the  last  closure  of  the  break,  water  tanks  were  placed  on  some 
of  the  trestle  bents  and  filled  with  water  to  keep  them  down  and 
steady  them. 

The  credit  for  handling  this  difficult  work  in  such  a  masterly 
way  should  be  given  to  Epes  Randolph,  Vice-President  of  the  South- 
ern Pacific  Railroad,  and  his  able  assistant,  H.  T.  Cory,  Assoc.  M. 
Am.  Soc.  C.  E.,  who  was  in  charge  of  the  work.  The  organization 
of  men,  teams,  and  material,  and  the  railway  transportation  were 
almost  perfect,  and  it  shoiild  be  remembered  that  the  camp  had  to 
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be  created  in  a  desert,  and  that  more  than  half  the  laborers  were  Mr.  Washing- 

r    J-  toD. 

Jnaians. 

The  greatest  danger  to  be  feared,  now  that  the  break  has  been 
closed,  is  that  some  part  of  the  levee  may  give  way. 

In  a  letter  received  from  Mr.  Randolph  about  March  10th,  1907, 
the  following  details  are  given : 

"The  water  was  shut  off  by  the  application  of  77  000  cu.  yd.  of 
material,  mostly  rock,  but  this  did  not  by  any  means  complete  the 
dam. 

"The  total  yardage  dumped  into  the  trestle  up  to  March  1st  is 
something  like  130  000  cu.  yd.,  clay  and  gravel  being  the  principal 
material  applied  since  the  closure  of  the  break.  When  the  dam 
shall  have  been  completed,  it  will  contain  a  total  of  about  140  000 
cu.  yd.,  between  85  000  and  90  000  cu.  yd.  of  which  will  be  rock,  but 
all  the  data  will  be  given  you  accurately  a  little  later." 

The  speaker  has  no  doubt  that  had  not  this  break  been  in  the 
vicinity  of  a  great  railroad,  and  had  not  the  entire  resources  of  that 
railroad  been  at  the  disposal  of  the  engineers,  it  would  have  re- 
mained open  for  years. 

The  New  or  Alamo  River,  in  rushing  across  the  country,  has 
cut  a  channel  about  80  miles  long,  some  1  500  ft.  wide,  and  from 
60  to  70  ft.  deep.  The  Panama  Canal  is  to  be  about  40  miles  long, 
from  150  to  200  ft.  wide  on  the  bottom,  and  approximately  30  ft. 
deep;  therefore  the  channel  cut  by  the  Colorado  in  a  few  months 
is  approximately  twice  as  long,  nearly  ten  times  as  wide,  and 
nearly  twice  as  deep  as  the  Panama  Canal  will  be,  and  in  that 
time  the  river  has  moved  many  times  the  yardage  that  will  be  re- 
quired to  complete  the  great  interoceanic  waterway. 

The  problem  is  almost  as  interesting  from  a  financial  stand- 
point, for  the  Statistician  of  the  United  States  Reclamation  Ser- 
vice has  estimated  that,  had  this  break  not  been  closed,  the  damage 
which  would  have  been  done  eventually  would  have  amounted  to 
some  $700  000  000. 

J.  A.  OcKERSON,  M.  Am.  Soc.  C.  E.   (by  letter). — Having  made  Mr.  Ockerson. 
two  visits  to  the  scene  of  the  "Colorado  break,"  one  just  at  the  be- 
ginning of  the  closure  work  in  August,  1906,  and  the  other  shortly 
after  the  failure  in  November  of  the  same  year,  a  few  remarks  re- 
lating thereto  may  not  be  amiss. 

The  natural  ground  on  which  the  levee  was  built  is  composed 
of  light  loose  soil,  filled  with  cracks  such  as  are  found  in  silt  de- 
posited by  overflow,  which  has  afterward  dried  out.  These  cracks 
were  filled,  to  a  certain  extent,  with  other  light  soil,  probably 
drifted  in  by  the  winds;  to  this  add  roots  and  fine  drift  extending 
down  to  water  level,  or  even  below,  and  it  will  be  seen  that  the 
foundation  for  a  levee  w-as  extremely  bad. 
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Mr.  Ockerson.  After  the  break,  a  length  of  several  hundred  feet  on  both  sides 
of  the  levee,  and  down  to  the  water  surface,  was  exposed.  Sev- 
eral test-pits  were  also  dug  in  the  borrow-pit  for  the  purpose  of 
studying  the  cause  of  the  failure.  A  careful  examination  of  these 
held  out  little  hope  that,  on  such  soil,  a  permanent  levee  could  be 
constructed  near  the  .flowing  river  without  the  addition  of  sheet- 
piling  below  the  water  line. 

The  levee  itself  had  little  or  nothing  to  do  with  the  failure. 
The  water  stood  but  a  short  distance  above  its  base  at  the  time  of 
the  break;  it  found  its  way  through  the  cracks  and  roots  some 
distance  below  the  base  of  the  levee,  and  into  the  bed  of  the  old 
intake  in  considerable  volume  while  the  levee  was  still  intact.  The 
■defects  developed  over  a  distance  of  several  hundred  feet,  and  were 
of  such  a  nature  that  no  "sub-levee"  or  "hoop"  would  have  availed. 

Some  attempts  were  made  to  stop  the  flow  by  dropping  in,  on 
the  upper  side,  sacks  of  earth,  brush,  and  bales  of  hay,  but  most 
of  these  passed  through  the  "blow-outs"  without  accomplishing  the 
desired  purpose,  and,  in  a  short  time,  the  levee  itself  fell  into  the 
chasms  which  had  been  washed  out  beneath  it. 

It  is  perhaps  well  to  emphasize  one  phase  of  the  situation  hav- 
ing an  important  bearing  on  the  failure.  The  increased  slope  to 
the  Salton  Sea  had  cut  down  the  bed  via  the  artificial  intake,  so 
that  it*  was  some  12  ft.  below  the  bed  of  the  Colorado  River  proper. 
Hence,  when  the  water  was  diverted  to  the  latter,  it  was  high  above 
the  bed  of  the  intake,  and  the  intervening  soil,  of  the  character 
described,  readily  permitted  a  very  considerable  amount  of  percola- 
tion, and  doubtless  contributed  largely  to  the  disaster,  as  the 
distance  between  the  two  channels  was  not  great. 

It  has  been  frequently  asked  why  the  old  bed  of  the  river,  at  the 
intake,  is  not  also  cut  down  by  the  effect  of  the  current.  The  old 
bed  was  developed  by  the  river  itself,  and  is  controlled  by  the  func- 
tions of  volume  and  slope,  and,  without  changing  these  elements, 
the  bed  must  remain  essentially  as  it  is. 

That  a  serious  mistake  was  made  in  taking  the  earth  from  the 
land  side  seems  evident,  but  it  is  altogether  probable  that  the 
break  would  have  occurred  if  the  borrow-pit  had  been  on  the  river 
side  of  the  levee,  as  the  bed  of  the  near  intake  channel  was  well 
helow  any  borrow-pit. 

It  is  said  that  a  small  muck  ditch  was  dug  near  the  toe  of  the 
levee  on  the  river  side,  but  it  was  neither  wide  enough  nor  deep 
enough  to  insure  an  impervious  base,  and  it  is  doubtful  if  any 
muck  ditch  alone  coiild  have  accomplished  such  a  result.  It  is 
possible  that,  in  time,  as  now  constructed,  the  subsoil  will  fill  up 
with  the  finer  sediment  to  such  an  extent  as  to  put  an  effectual 
stop  to  serious  leakage  such  as  might  result  in  another  break;  but 
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the  risk  is  too  great,  and  the  interests  at  stake  are  too  important  Mr.  ockerson. 
to  rely  on  this  expedient  alone. 

In  comparing  the  work  with  that  on  other  streams,  it  should 
be  borne  in  mind  that  the  soil  has  about  the  consistency  of  talcum 
powder  when  dry,  and  the  stream  has  a  slope  down  the  intake  of 
about  4  ft.  to  the  mile.  The  problem  of  closure,  therefore,  is  quite 
different  from  the  conditions  on  the  Atchafalaya  or  Missouri  Rivers. 

There  can  be  little  doubt,  however,  that  several  of  the  failures 
in  the  attempt  to  close  the  intake  are  traceable  to  defects  in  the 
methods  used,  and  the  failure  to  utilize  ordinary  engineering  prac- 
tice in  such  cases.  Five  of  the  failures  were  apparently  due  to 
neglecting  the  very  important  feature  which  is  the  key  to  success 
in  work  of  that  character,  namely,  that,  first  of  all,  the  approaches 
to  the  work  contemplated  must  be  securely  fijced.  The  banks  and 
bed  must  be  made  stable  beyond  the  possibility  of  erosion.  Had 
this  been  done,  the  first  effort  to  close  the  intake  would  have  suc- 
ceeded, and  the  cost  would  have  been  a  few  hundred  dollars  in- 
stead of  the  several  hundred  thousand  which  have  been  expended. 
The  integrity  of  the  "Rockwood  gate"  could  probably  have  been 
preserved  by  the  same  means. 

The  two  latest  closures  were  certainly  executed  in  as  expeditious 
a  manner  as  any  previous  work  of  such  magnitude,  and  the  engi- 
neers and  others  who  participated  in  the  work  deserve  great  credit 
therefor. 
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By  Messrs.  Kalph  Modjeski,  Wilbur  J.  Watson,  W.  M.  Hughes 
AND  J.  P.  Snow. 


Mr.  Modjeski.  Ealph  Modjeski,  M.  'Am.  Soc.  C.  E.  (by  letter). — No  subject 
of  equal  importance  has  received  less  attention  in  the  way  of  pub- 
lications and  discussion  in  professional  papers  than  the  one  treated 
by  the  author.  In  all  the  so-called  standard  specifications  for  bridge 
superstructures  clauses  relating  to  movable  bridges  seem  to  have 
been  carefully  avoided,  and  yet  such  bridges  constitute  the  most 
expensive  part  of  a  railroad,  both  as  to  first  cost  per  foot  of  track 
and  as  to  maintenance  and  operation.  The  subject  is  quite  com- 
plex, covering  a  great  variety  of  structures  under  variable  condi- 
tions. Mr.  Schneider's  very  clear  and  concise  paper  is  valuable 
because  it  embodies,  probably,  the  first  general  specification  on 
movable  bridges,  and  because  it  opens  the  field  for  a  thorough  dis- 
cussion. 

With  regard  to  end  lifts,  the  author  expresses  his  preference 
for  wedges,  and  does  not  recommend  "that  kind  of  end  lift  which 
supports  the  ends  of  the  bridge,  when  closed,  on  rollers,  toggle 
joints  or  links."  The  writer  has  used  rollers  quite  successfully. 
Plate  LXI  shows  the  roller  end  lifts  used  by  him  in  the  Rock 
Island  Railroad  and  Highway  Bridge  which  have  given  entire 
satisfaction.  It  will  be  noticed  that  the  lower  casting  has  inclined 
instead  of  horizontal  bearing  surfaces;  and  that  each  roller,  when 
the  span  is  fully  raised,  comes  into  contact  with  a  convex  surface 

*  Continued  from  April,  1907,  Proceedings. 
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which  acts  as  a  stop.  By  this  arrangement,  when  the  end  of  the  Mr.  Mortjeski. 
span  is  fvilly  raised,  the  contact  between  each  roller  and  the  bed- 
plate is  an  area,  and  not  a  line  as  is  the  case  in  many  roller  lift 
designs.  This  device  has  the  further  advantage  of  centering  the 
span  and  locking  it  automatically;  and  there  is  less  frictional  re- 
sistance than  when  wedges  are  vised.  Owing  to  the  sloping  bear- 
ing surfaces  of  the  bed-plates,  the  rollers  tend  to  remain  in  place 
when  set. 

The  writer  presents,  in  Fig.  1,  a  design  for  an  end  lift  of  an 
entirely  different  character,  which  will  be  used  for  a  462-ft.,  double- 
track  span  over  the  Columbia  River,  and  also  for  a  521-ft.,  double- 
track  span  over  the  Willamette  River.  The  toggle  has  been  made 
very  powerful  and  substantial,  and  suitable  for  heavy  loads.  The 
bearing  takes  place  on  a  nest  of  segmental  expansion  rollers  which 
right  themselves  whenever  the  bearing  blocks  are  raised  and  the 
pressure  is  removed.  As  this  design  has  not  yet  been  installed,  and, 
therefore,  has  not  received  the  sanction  of  a  trial,  the  writer  will 
abstain  from  discussing  it  herein.  Both  these  devices  dispense  with 
the  automatic  latches  required  by  Mr.  Schneider's  specifications.  It 
has  been  the  writer's  experience  that  such  latches,  if  effective  in 
holding  the  bridge  truly  lined  up,  must  have  very  little  play  when 
in  a  locked  position,  and,  therefore,  must  always  produce  a  certain 
shock  in  locking,  and  this  the  writer  believes  to  be  objectionable  in 
heavy  bridges. 

The  author  calls  for  rail-lifts  in  his  specification.  The  writer 
believes  that  the  rail-lift  will  soon  be  entirely  superseded  by  safer 
devices;  one  of  them  recently  recommended  for  adoption  by,  at 
least,  one  important  railway  system,  is  essentially  the  same  as  the 
rail-lock  used  by  the  writer,  first  on  the  Rock  Island  draw,  and, 
later,  on  all  draw  spans  designed  by  him. 

Fig.  2  shows  the  rail-lock  which  will  be  iised  on  the  Columbia 
and  Willamette  River  draw  spans.  The  principal  advantages  are: 
Practical  continuity  of  the  rail  over  the  gap — the  key  is  shaped  so 
that  it  raises  the  wheel  slightly  before  it  reaches  the  end  of  the 
gap,  and  sets  it  down  on  the  second  rail  some  distance  from  its  end; 
and  the  rails  are  permanently  fastened  to  the  ties. 

A  sliding-key  rail-lock  was  used  on  the  old  Rock  Island  draw 
span  before  its  reconstruction.  In  the  writer's  design,  the  old 
form  of  lock  has  been  modified  by  making  the  key  beveled  length- 
wise and  crosswise  on  top,  instead  of  level,  and  by  providing  more 
efficient  guide-bars. 

Wilbur  J.  Watson,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Watson. 
has  recently  been  called  upon  to  design  several  bascule  bridges,  and 
will  take  advantage  of  the  author's  invitation  to  discuss  this  feature 
of  the  paper. 
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The  bridge  illustrated  in  Fig.  3  is  a  single-leaf  highway  span, 
Mr.  Watson,  ^gg  ^^_  ^^.^^  ^^^^^^  ^^  ^^^^^j.  ^f  bearings,  now  under  construction  at 
Buffalo,  N.  y.  In  this  design,  the  balance  is  maintained  by  a  de- 
tached 'counterweight,  moving  vertically  between  fixed  guides  at- 
tached to  a  tower  which  carries  two  10-ft.  cast-steel  sheaves,  over 
which  pass  twelve  2Mn.  plow-steel  cables,  which  pass  around  grooved 
tracks  attached  to  the  trusses,  and  placed  so  that  the  lever  arm  of 
the  ropes  about  the  point  of  rotation  maintains  a  constant  ratio  to 
the  lever  arm  of  the  center  of  gravity  of  the  moving  span.  The 
counterbalancing  scheme  of  this  bridge,   as  well   as  the  hydraulic 


Clear  Roadway =38' 
'IVoSldewall;8=C'0 
Live  Load  50-Tod  Cits  on  Tract 

100  lb.  per.  sq.  ft.  for  Trusses 
Oiieratins  Wind  Pressure  =  5  lb,  per.  sq.  ft. 
Estimated  Weigbt  Moving  Span 

Steel  (Inc.  Rails  )  = -iiH.SC  Tons 

Lumber  =    44.44     ■■ 

Tower,  etc.,  Steel  =103.00     .. 

Operating  Machinery  =    'l.tW    " 

Cables  =      '.20     " 

CoUDterweightjCenter  line    =  3'a.OU     <• 


OHIO  STREET  BASCULE  BRIDGE 

BUFFALO.  N.Y. 
Fig.  3. 

operating  machinery,  is  the  design  of  T.  E.  Brown,  M.  Am.  Soc. 

C.  E. 

The  bridge  illustrated  in  Fig.  4  is  a  design  proposed  by  the 
writer  for  a  similar  structure,  the  idea  being  to  secure  a  tower  which 
would  be  symmetrical  and  attractive  in  appearance,  and  also  to 
produce  an  economical  design.  In  this  design,  the  cables  are  at- 
tached to  fixed  points  in  the  trusses,  and  pass  around  sheaves  of 
the  proper  diameter,  being  securely  fastened  thereto.  The  counter- 
weights are  carried  by  chains,  built  up  of  steel  plates  and  pms. 
These  chains  pass  around,  and  are  wound  upon,  spiral  sheaves 
mounted  upon  the  same  shafts  as  the  first-mentioned  sheaves. 

The  reason  for  using  chains  ijistead  of  cables  for  hanging  the 
counterweight  is  that  such  chains  can  be  wound  around  a  drum  of 
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very  small  diameter,  much  smaller  than  would  be  advisable  in  the  Mr.  vvatson. 
case  of  cables. 

A  further  advantage  of  this  design  is  the  simplicity  of  the 
operating  mechanism,  for,  by  placing  the  trunnion  far  enough 
back  so  that  the  forward,  or  positive,  moment  of  the  span  will  al- 
ways be  in  excess  of  the  backward,  or  negative,  moment  of  the 
wind  pressure,  it  is  possible  to  operate  the  bridge  by  a  pinion  enga- 
ging a  gear  attached  directly  to  the  shafts  which  carry  the  balancing 
sheaves,  and  operated  by  the  usual  electric  motor  and  gear  trains. 


Ope  rati: 


Drums  for  chain?  or  cables 
■attached  to  span  anil  spiral 
drums  for  chain  diij  pjrtiQ^\  /^~P^ 
counterweight  /  ll\       •". 


THE  WATSON  BASCULE    BRIDGE 
Fig.  4. 


With  such  a  design,  it  is  practicable  to  use  a  counterweight  of 
less  than  half  the  weight  of  that  ordinarily  used  on  bascule  bridges 
having  attached  counterweights,  with  a  consequent  reduction  in 
stresses  in  the  structure  and  in  the  machinery,  and  less  load  on  the 
foundations. 

In  discussing  these  designs  with  other  engineers,  the  writer  has 
discovered  that  there  exists,  among  bridge  engineers,  a  very  strong 
prejudice  against  the  use  of  cables  and  chains,  and  it  is  this 
prejudice  to  which  he  desires  particularly  to  call  attention,  in  order 
to  discover,  if  possible,  the  reasons  therefor.  It  has  been  his  ex- 
perience, and  is  his  firm  belief,  that  nothing  will  give  more  satis- 
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Mr.  Watson,  factory  service  than  chains  and  cables  for  such  uses,  provided  that 
they  and  their  sheaves  and  fastenings  are  proportioned  properly. 

The  writer  uses  a  value  of  800  lb.  per  sq.  in.  for  the  bearing  of 
axle  steel  on  phosphor-bronze  in  the  case  of  slow-speed  bearings, 
instead  of  the  2  000  lb.  given  by  the  author. 

Plate  LXII  illustrates  a  simple,  trunnion,  deck-bascule  span, 
designed  by  the  writer  for  the  City  of  Toledo.  It  is  the  writer's 
opinion  that  the  simple  trunnion  type  for  deck  bridges  has  been 
neglected  by  engineers,  suffering,  perhaps,  from  the  fact  that  it  is 
not  a  patented  type,  and,  therefore,  has  not  been  strenuously  ad- 
vocated by  patentees.  There  are  doubtless  cases,  where,  by  reason 
of  limited  clearance  conditions,  it  is  advisable  to  hinge  the  counter- 
weight, in  order  to  make  its  path  of  travel  conform  to  the  said 
clearance  conditions,  but,  when  it  is  possible  to  attach  the  counter- 
weight to  the  moving  span  securely  without  increasing  its  amount 
materially,  it  seems  to  the  writer,  that  the  advantage  of  simplicity 
of  design  far  outweighs  any  advantages  to  be  gained  by  hinging 
the  counterweight. 

In  regard  to  controllers  for  operating  double-leaved  bascule 
bridges,  the  author's  specifications  call  for  controllers  of  the  series- 
parallel  type.  Now,  as  it  is  usually  desirable,  and  requii'ed,  that 
a  single  operator  shall  be  able  to  operate  both  leaves  from  one  side 
of  the  bridge,  controllers  of  this  type  require  a  great  number  of 
wires  of  large  capacity  to  be  carried  in  conduits  under  the  opening. 
Cannot  this  result  be  attained  better  by  using  automatic  controllers 
operated  by  two  master  switches,  which  would  require  much  less 
wiring  under  the  river,  and,  it  seems  to  the  writer,  be  a  safer  method 
of  control? 
Mr. Hughes.  W.  M.  HuGHES,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer,  in 
the  capacity  of  Designing  and  Consulting  Engineer,  has  recently 
completed,  for  the  Chicago  and  Alton  Railway  Company,  over  the 
South  Fork  of  the  Chicago  Eiver,  a  double-track  bridge  of  the  Page 
bascule  type,  having  a  single  leaf  150  ft.  in  length  (Plates  LXIII 
and  LXIV). 

With  regard  to  the  proper  wind  pressure  to  be  used  in  the 
design  of  bascule  bridges,  the  writer  knows  of  no  reliable  informa- 
tion, biit  this  shoiild  be  available,  considering  the  number  of  bascule 
bridges  which  have  been  built  during  the  last  few  years.  From 
observation  during  the  operation  of  the  Chicago  and  Alton  Bridge, 
with  a  wind  velocity  exceeding  30  miles  per  hour,  the  ammeter  in- 
dicated but  little  increase  in  the  power  required.  The  writer  be- 
lieves 15  lb.  per  sq.  ft.,  corresponding  to  a  velocity  of  from  50  to  55 
miles  per  hour,  to  be  ample. 

In  bascule  bridges  of  the  Page  type  the  operating  machinery 
is  carried  by  longitudinal  and  transverse  girders,  the  latter  being 
connected  to   the   inside  counterweight  girders,   and   the   power  is 
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triui^iuiitted  to  the  movable  leaf  by  a  pinion  engaging  in  a  rack  Mr.  Hughes, 
which  is  bolted  to  the  track  girder,  the  latter  being  connected  to 
the  chords  of  the  trusses  of  the  movable  leaf.  The  shaft,  to  vphich 
this  pinion  is  keyed,  also  carries  the  rollers,  which  transmit  the 
counterweight  to  the  track  girder.  This  shaft  consists  of  a  hollow 
steel  casting,  24  in.  in  diameter,  the  hole  being  17  in.  The  size  of 
this  shaft  is  fixed  by  the  area  for  the  bearing  of  the  rollers,  which 
have  phosphor-bronze  bushings,  the  allowed  pressure  being  1  200  lb. 
per  sq.  in.  These  rollers  make  less  than  three  revolutions  in  open- 
ing or  closing  the  bridge.  Mr.  Schneider's  specification  allows,  for 
moderate  speeds,  only  600  lb.  per  sq.  in.,  and,  for  trunnion  bearings, 
2  000  lb.  per  sq.  in.  The  writer  is  of  the  opinion  that  the  former 
is  too  low  and  the  latter  too  high.  In  the  design  of  the  Chicago 
and  Alton  Bridge,  he  used  1  200  lb.  for  the  trunnion,  more  particu- 
larly for  the  purpose  of  insuring  proper  lubrication,  this  being 
more  difficult  in  the  case  of  the  trunnion  from  the  fact  that  it  makes 
less  than  one-fourth  of  a  revolution  in  opening  or  closing  the  bridge. 

The  rule  given  by  Mr.  Schneider  for  the  size  of  keys  would 
hardly  be  applicable  to  a  24-in.  shaft,  which  would  require  two 
keys,  each  2  by  4  in.  The  keys  used  for  the  24-in.  shaft  in  the 
Chicago  and  Alton  Bridge  were  2  by  2  in.,  and  were  considered 
ample.  This,  however,  may  be  a  special  case,  as  the  diameter  of  the 
shaft  was  fixed  to  give  the  proper  bearing  area  for  the  rollers. 

\Yhen  electric  motor  power  is  used  for  the  operation  of  bridges, 
the  writer  is  of  the  opinion,  that  it  is  desirable  to  iise  two  motors, 
each  of  sufficient  capacity  to  handle  the  bridge,  possibly  at  a  some- 
what reduced  speed,  with  one  motor  only  in  service.  This  adds 
slightly  to  the  first  cost  of  the  bridge,  but  practically  nothing  to  the 
cost  of  operation,  and  makes  far  less  the  chances  of  the  bridge  be- 
ing thrown  out  of  service,  due  possibly  to  the  armatures  burning 
out,  or  some  other  accident  to  the  motor.  Wlien  two  motors  are  ■ 
used,  each  with  sufficient  capacity  to  operate  the  bridge,  it  would 
be  hardly  reasonable  to  design  the  machinery  with  the  usual  factor 
of  safety  for  the  full  capacity  of  both  motors;  although,  no  doubt, 
some  additional  allowances  should  be  made,  say  50%,  which  would 
provide  amply  for  depreciation  due  to  wear. 

J.  P.  S^^ow,  M.  Am.  See.  C.  E.  (by  letter). — This  paper  is  the  Mr.  Snow, 
most  practical  guide  to  the  design  of  movable  bridges  with  which 
the  writer  is  acquainted.  The  author's  conclusions  are  sound,  but 
it  is  to  be  feared  that  the  limitations  placed  by  him  upon  certain 
types  of  swing  bridges  will  be  taken,  by  some,  to  mean  more  than 
was,  perhaps,  intended. 

Jack-knife  and  shear-pole  bridges  can  be  readily  built  with 
clear  openings  of  50  ft.  This  will  accommodate  an  immense  amount 
of  navigation  under  certain  regulations.  Wider  openings  are  needed 
on   navigable   rivers,   but   around  harbors,   where  draw-bridges   are 
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Mr.  Snow,  oftentimes  very  numerous,  narrow  openings  are,  on  some  accounts, 
distinctly  advantageous. 

Shear-pole  draws  cannot  be  used  to  advantage  except  for  narrow 
highways  and  single-track  railways.  Two  tracks  can,  of  course,  be 
accommodated  by  two  independent  structures  swinging  in  opposite 
ways.  Jack-knife  draws  may  be  coupled  up  for  four  tracks,  and, 
by  using  two  structures  swinging  in  opposite  directions,  eight 
adjacent  tracks  may  be  handled,  as  is  done  on  the  Boston  and  Maine 
Railroad  at  Boston. 

The  unbalanced  feature  in  these  two  types  of  swing  bridges  is 
their  worst  point.  "While  swinging,  they  "must  be  held  by  guys  or 
braces,  or  both.  The  lack  of  a  stable  attachment  for  these  supports 
limits  the  available  span  of  such  structures.  Proper  connection  be- 
tween these  attachments  and  the  heel  of  the  trusses  is  the  key  to 
the  successful  operation  of  these  bridges.  Their  advantages  are: 
small  first  cost,  quick  operation,  and  less  space  required  outside 
the  tracks  than  for  other  kinds  of  swing  bridges. 

The  rim-bearing  swing  bridge  deserves  an  advocate  who  will 
class  it  a  little  higher  than  the  author,  and,  no  doubt,  in  the  dis- 
cussion, an  advocate  will  appear  who  can  handle  the  subject  much 
better  than  the  writer. 

It  is  true  that  less  power  is  required  to  turn  a  center-bearing 
bridge  than  one  bearing  on  a  rim;  and,  if  the  bridge  is  to  be  turned 
by  hand,  the  former  type  should  be  selected.  If  mechanical  power 
is  used,  the  difference  in  the  amount  required  is  of  little  importance. 
Eim-bearing  bridges  will  give  trouble  if  the  pier  is  not  firm  and 
intact;  and  either  kind  will  give  trouble  if  it  is  not  properly  built. 

A  circular  drum  is  no  doubt  an  excellent  and  very  natural  feature 
to  carry  the  upper  track  of  a  rim-bearing  bridge,  but  it  is  not 
essential.  It  is  not  unusual  to  attach  the  upper  track  to  the  carry- 
ing girders  and  to  corner  girders  attached  to  them.  In  this  case 
it  is  well  to  make  the  top  track  a  horizontal  plane  and  set  the  roller 
axes  inclined.  If  the  diameter  of  the  rollers  is  made  small,  excellent 
results  are  obtained. 

It  is  essential  that  the  pier  for  a  rim-bearing  bridge  should  be 
of  masonry  which  will  remain  in  place  and  hold  rigidly  the  parts 
attached  to  it.  With  this  condition  fulfilled,  very  good  results  have 
been  and  can  be  obtained  without  connecting  the  center  and  lower 
tracks,  as  recommended  by  the  author.  Such  connection,  although 
excellent  in  itself,  will  be  somewhat  difficult  and  objectionable  with 
stone  masonry.  With  concrete,  on  the  contrary,  the  bracing  can 
be  built  into  the  masonry,  and  the  objection  pertaining  to  stone- 
work will  be  avoided. 

There  are  in  service  many  rim-bearing  bridges  which  are  giving 
excellent  results,  and  they  can  be  built  to  do  this,  if  the  details  are 
good,  without  unusual  refinements  of  workmanship. 
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By  Messrs.  Edwin  Duryea,  Jr.,  Franklin  Eiffle,  H.  H.  Wads- 
worth,  Emile  G.  Perrot  and  Luther  Wagoner. 


Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  Mr.  Duryea. 
wishes  to  call  attention  to  one  of  the  conclusions  of  the  Committee 
en  Fire  and  Earthquake  Damage  to  Buildings  which  he  believes  • 
to  be  too  severe  to  be  warranted  by  the  facts.  He  recognizes_  that 
the  members  of  this  Committee  had  more  opportunities  to  ]udge 
of  the  effects  of  the  earthquake  on  buildings  than  he  had,  but,  not- 
withstanding this,  he  has  incidentally  seen  a  sufficient  number  of 
instances  of  ordinary  brick  buildings  which  were  not  seriously  dam- 
aged by  the  earthquake  to  make  the  very  severe  conclusions  of  the 
Committee  as  to  such  buildings  seem  to  be  unjustifiable. 

-  Hi<=!oussion   (of  the  Reports  on  the  San  Francisco  Earthquake,  printed  in 

P.oL^d  ' /«  for  Mkrch!  1907ris  prFnted  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 
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Mr.  Duryea.         The  particular  statements  to  which  exception  is   taken  are  the 
following:* 

"The  building  with  stone,  brick  or  block  construction,  having 
horizontal  mortar  joints,  does  not  answer  the  requirement  (elas- 
ticity) at  all.  It  may  be  stated,  as  one  of  the  most  obvious  lessons 
of  the  earthquake,  that  brick  walls,  or  walls  of  brick  faced  with 
stone,  when  without  an  interior  frame  of  steel,  are  hopelessly  inade- 
quate. As  a  method  of  building  in  earthquake  countries,  such 
types  are  completely  discredited." 

And  again  :t 

"The  writers  simply  reiterate  the  statement  that,  speaking  gen- 
erally, buildings  of  brick  walls  and  wooden  interiors  cannot  be 
built  which  will  not  be  wrecked  in  a  severe  shock,  it  being  a  fault 
of  design  and  not  of  materials  or  workmanship." 

This  conclusion  is  so  severe  that,  if  it  were  true,  it  would  en- 
tirely exclude  the  safe  use  of  ordinary  brick  buildings,  for  any 
purpose,  on  the  San  Francisco  peninsula.  It  would  seem  that  even 
the  few  instances  of  brick  buildings  which  have  withstood  the 
earthquake  with  little  or  no  damage  would  make  such  a  conclusion 
unjustifiable.  The  writer  has  taken  no  pains  to  find  such  examples, 
but  believes  that  he  has  seen  a  number  of  brick  buildings  which, 
while  including  no  steel  in  their  framework,  have  passed  through 
the  earthquake  with  very  little  damage.  As  specific  instances,  he 
would  mention  the  brick  church  on  the  south  side  of  Geary  Street 
between  Gough  and  Octavia  Streets,  the  stone  church  on  the  south- 
west corner  of  Geary  and  Franklin  Streets,  and  the  brick  cathedral 
on  the  northwest  corner  of  Van  Ness  Avenue  and  O'Farrell  Street. 
The  cathedral  does  not  appear  to  have  been  injured  at  all,  the 
stone  church  only  by  the  fall  of  its  spire,  and  the  brick  church  by 
only  slight  damage  to  its  spire.  The  writer  has  no  exact  knowledge 
as  to  the  framework  construction  of  these  churches,  but,  from  their 
appearance,  it  is  very  improbable  that  any  steel  framework  was 
used.  It  would  seem  that  church  buildings,  with  their  open  in- 
teriors and  large  roof  spans,  would  be  especially  subject  to  injury 
from  earthquakes. 

On  the  morning  after  the  earthquake,  and  before  the  fire  had 
reached  them,  the  writer  twice  passed  by  a  number  of  brick  ware- 
houses on  the  north  side  of  the  Southern  Pacific  Railroad,  between 
Fourth  and  Sixth  Streets,  and  took  a  little  time  to  examine  them. 
They  were  of  the  commonest  class  of  brick  warehouse  structures, 
neither  design  nor  construction  showing  any  special  care,  yet  they 
had  sustained  relatively  little  damage ;  they  also  had  the  disad- 
vantage of  being  built  on  extremely  poor  foundations,  their  settle- 
ment diaring  the  earthquake,  with  respect  to  the  railroad  right  of 

*  Proceedings,  Am.  Soc.  C.  E..  March,  1907,  p.  325. 
i Proceedings,  Am.  Soc.  C.  E.,  March,  1907,  p.  337. 
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way,  just  south  of  them,  being  about  2  ft.     These  warehouses  were  Mr.  Duryea. 
afterward  entirely  ruined  by  the  fire. 

It  seems  that,  judged  even  by  statements  in  the  body  of  the  re- 
port, the  conclusion  quoted  is  hardly  warranted.  In  regard  to  dam- 
age to  ordinary  brick  buildings,  the  Committee  says:* 

"It  must  be  recognized  that  buildings  of  this  type  were  gen- 
eral throughout  the  region  of  the  shock.  The  damage  ranged 
from  slight  cracks  to  complete  destruction  of  large  structures,  hence 
no  general  statement  covers  the  case.  A  few  individual  statements 
may  be  of  interest.  In  Oakland,  a  concrete-block  building,  4 
stories  high,  was  injured  little  if  any.  At  Palo  Alto,  two  such 
structures,  2  stories  high,  probably  not  very  well  built,  were  com- 
pletely wrecked,  the  blocks  being  broken  and  disintegrated." 

After  such  a  statement  as  this — that  some  brick  buildings  were 
but  little  damaged  by  the  earthquake — and  in  view  of  the  instances 
known  specifically  to  the  writer  where  ordinary  brick  buildings  suf- 
fered but  little  damage,  it  seems  that  the  very  severe  conclusion 
of  the  Committee  is  unwarranted;  and  that,  recognizing  the  in- 
fluence of  good  or  bad  foundations  and  of  good  or  bad  design,  or  • 
material,  some  conclusion  less  unfavorable  to  this  type  of  building 
would  have  been  more  just  and  more  nearly  in  agreement  with  the 
facts.  It  is  undeniable,  of  course,  that  such  buildings  are  far  from 
being  as  resistant  against  earthquake  shocks  as  buildings  of  Type 
3 ;  the  latter,  however,  are  frequently  entirely  beyond  reach  because 
of  their  great  cost;  and  the  writer  believes  that  the  ordinary  brick 
building,  though  generally  inadvisable  where  financial  considera- 
tion will  permit  of  a  better  one,  has  shown,  by  numerous  instances, 
that  it  may  often  pass  through  an  earthquake  practically  unharmed, 
and,  therefore,  should  not  have  such  unqualified  condemnation  as 
that  given  by  the  Committee  on  Buildings. 

Franklin  Eiffle,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr.  Riffle, 
fully  agrees  with  the  Committee  on  Fire  and  Earthquake  Damage 
to  Buildings  that  both  wood  and  steel  frame  structures  are  ad- 
mirably adapted  to  withstand  earthquake  shocks,  but  he  is  not  pre- 
pared to  endorse  the  unqualified  condemnation  of  a  type  of  con- 
si  ruction  which,  after  making  due  allowance  for  numerous  instances 
of  inadequate  foundations  and  poor  workmanship,  has  proven  it- 
self capable  of  much  greater  resistance  to  shocks  than  the  Com- 
mittee apparently  is  willing  to  concede. 

The  process  of  reasoning  whereb.v  the  Committee  arrived  at 
its  conclusions  regarding  brick  buildings  appfers  to  be  about  as 
follows:  An  earthquake  sets  up,  in  a  structure,  a  swaying  motion, 
the  tendency  of  which  is  to  distort  the  frame;  if  sufiiciently  elastic, 
as  is  the  case  with  wood,  steel,  and  reinforced  concrete  construc- 

*  Proeeeding.%  Am.  Soc.  C.  E.,  March,  1907,  p.  321. 
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Mr.  Riffle,  tion,  the  structure  returns  to  its  original  form  after  distortion;  if 
not  elastic,  as  in  the  case  of  stone,  brick,  or  block  construction 
having  horizontal  mortar  joints,  the  structure  is  ruptured  or 
wrecked.  The  latter  type  is  then  summarily  dismissed  with  the 
phrases  "completely  discredited"  and  "hopelessly  inadequate."  It 
is  true  that  the  Committee  cited  a  few  examples  of  the  failure  of 
brick  buildings,  to  give  practical  support  to  its  theoretical  deduc- 
tion; but,  leaving  theory  entirely  out  of  the  question,  the  citation 
of  a  few  examples,  coupled  with  the  information  that  "the  damage 
ranged  from  minor  cracks  in  brickwork  to  the  complete  destruction, 
of  large  buildings,"  does  not  seem  to  justify  the  following  sweep- 
ing conclusions : 

"*  *  *  as  one  of  the  most  obvious  lessons  of  the  earthquake, 
that  bricks  walls,  or  walls  of  brick  faced  with  stone,  when  without 
an  interior  frame  of  steel,  are  hopelessly  inadequate.  As  a  method' 
of  building  in  earthquake  countries,  such  types  are  completely  dis- 
credited." 

"*  *  *  speaking  generally,  buildings  of  brick  walls  and' 
wooden  interiors  cannot  be  built  which  will  not  be  wrecked  in  a 
severe  shock,  it  being  a  fault  of  design  and  not  of  materials  or 
workmanship." 

It  is  the  opinion  of  the  writer  that  the  one  great  lesson  taught 
by  the  earthquake  is  not  the  inadequacy  of  any  one  of  the  well- 
known  types  of  building  construction,  but  the  necessity  of  adhering 
more  rigidly,  in  all  types,  to  the  fundamental  principles  of  good 
design,  good  materials  and  good  workmanship.  It  is  safe  to  say 
that  a  careful  investigation  of  all  the  building  failures  which  re- 
sulted from  the  earthquake,  would,  in  most  cases,  bring  to  light 
serious  infractions  of  the  commonly  accepted  rules  for  safe  con- 
struction, which  would  account  for  much  that  the  Committee 
would  attribute  to  inadequate  design  or  type. 

During  the  first  day  of  the  fire  the  writer  spent  several  hours 
in  the  district  in  which  brick  buildings  were  the  prevailing  type, 
and  made  note  of  the  fact  that  most  of  these  were  in  good  condi- 
tion before  the  flames  gutted  their  wooden  interiors  and  reduced 
their  walls  to  ruins. 

If  the  Committee  had  included  in  its  investigations  the  brick 
buildings  in  the  Potrero  and  Mission  Districts  of  San  Francisco, 
which  escaped  the  fire,  it  is  doubtful  if  it  would  have  condemned 
'  this  t5^e  of  construction  in  its  otherwise  excellent  report.  Almost 
w^ithout  an  exception,  these  buildings  either  were  not  damaged  at 
all,  or  were  damaged  so  slightly  that  the  cost  of  repairs  was  trivial; 
and  this  applies  to  some  buildings  which  had  not  been  constructed 
in  the  substantial  manner  which  engineers  and  architects  would' 
consider  essential,  even  under  usual  conditions. 
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A  brief  description  of  a  brick  warehouse  in  the  Potrero  Dis-  Mr.  Riffle, 
trict,  which  came  through  the  earthquake  almost  without  a  crack 
to  bear  witness  to  the  severity  of  the  shock,  will  show  conclusively 
that  it  is  not  impossible  or  even  difficult  to  construct  a  brick  build- 
ing with  a  wooden  interior  "which  will  not  be  wrecked  in  a  severe 
shock." 

The  building  is  on  the  east  side  of  Kansas  Street,  between 
15th  and  16th  Streets,  has  a  frontage  of  100  ft,,  a  depth  of  200  ft., 
and  is  4  stories  high.  The  site  is  a  portion  of  a  tract  of  marshy 
tide  land,  which  was  formerly  used  as  a  dumping  ground  for  the 
city's  garbage.  To  secure  a  satisfactory  foundation  for  the  walls 
and  columns,  piles  were  driven  and  cut  off  below  the  water  level, 
or  about  10  ft.  below  the  level  of  the  street.  The  foundation  walls 
were  built  of  concrete  reinforced  by  twisted  steel  bars,  while,  above 
the  street  level,  the  walls  were  constructed  of  common  brick  with 
cement  mortar  joints.  The  side  walls  contain  no  openings,  but  both 
the  front  and  rear  walls  are  generously  provided  with  large  windows 
on  each  of  the  four  floors,  in  addition  to  six  wide-arched  doorways 
on  the  ground  floor — three  at  each  end. 

The  floor  systems  consist  of  wooden  beams  and  joists  supported 
by  heavy  wooden  columns.  A  brick  partition  wall  divides  the 
building  into  two  equal  parts,  each  100  ft.  square.  At  the  inter- 
section of  the  partition  wall  with  the  north  side  wall,  a  portion  of 
each  of  the  two  intersecting  walls  was  carried  to  a  height  of  about 
20  ft.  above  the  roof.  These  walls  formed  a  support  for  a  water 
tank  about  15  ft.  high  and  12  ft.  in  diameter,  which  was  full  of 
water  at  the  time,  of  the  earthquake.  Both  the  building  and  the 
tank  withstood  the  shock  (or  series  of  shocks)  without  sustaining 
any  damage  whatever.  There  was  nothing  unusual  about  the 
methods  used  by  the  architect.  The  work  was  done  by  contract 
under  the  personal  supervision  of  an  inspector  acting  under  the 
architect's  instructions.  The  results  obtained  naturally  followed 
the  careful  observance  of  the  commonly  accepted  standards  of  good 
building  practice.  During  the  past  year  the  owner  of  this  build- 
ing has  constructed  two  similar  buildings  in  the  same  block.  In  the 
light  of  their  experience,  who  will  say  that  the  owner  and  archi- 
tect were  not  fully  justified  in  adhering  to  a  type  of  construction 
which  the  Committee  has  so  mercilessly  condemned  as  being  "hope- 
lessly inadequate"? 

On  Rhode  Island  Street,  less  than  one  block  from  the  building 
already  described,  is  a  2-story  brick  warehouse  which  was  built, 
many  years  ago,  on  a  foundation  of  solid  rock.  Although,  for  a 
period  of  several  years,  it  has  presented  a  somewhat  dilapidated 
appearance  from  the  fact  that  much  of  the  mortar  had  disappeared 
from  the  joints,  the  walls  were  practically  undisturbed  by  the 
earthquake. 
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Mr.  Riffle.  On  the  Opposite  side  of  the  street  is  a  5-story  brick  building 
occupied  by  the  National  Ice  Company.  Owing  to  the  unusual 
height  of  the  stories,  the  building  is  about  as  high  as  a  9  or  10- 
story  modern  office  building,  but  it  was  so  well  constriacted  through- 
out that  it  suffered  no  damage  whatever. 

Two  blocks  farther  north,  on  Eighth  Street,  is  another  5-story 
brick  building  which  was  built  many  years  ago,  and,  for  a  long  ' 
time,  was  used  as  a  siigar  refinery;  of  late  years,  it  has  been  used 
as  a  syrup  factory.  The  floors  and  their  supporting  columns  are  of 
wood  construction.  At  the  time  of  the  earthquake  the  top  floor 
was  heavily  loaded  with  tanks  of  syrup.  The  bviilding  suffered 
practically  no  damage.  This  is  certainly  a  remarkable  showing, 
taking  into  consideration  the  character  of  the  foundation,  which 
is  reliably  reported  to  have  sunk  several  feet  during  the  erection 
of  the  superstructure.  The  walls  were  well  tied  together  by  iron 
rods,  which  largely  compensated  for  the  instability  of  the  founda- 
tion. 

Going  west  from  the  Potrero  through  the  Mission  District,  one 
may  see  the  following  brick  structures,  the  walls  of  which  were 
uninjured:  The  Lick  School  building,  and  the  Forderer  cornice 
works,  on  16th  Street;  the  Bryant  Street  Power  House,  of  the 
United  Railroads,  and  its  two  tall  chimneys;  the  Union  Brewery 
and  Malting  Company's  tall  building,  on  19th  Street;  the  Mission 
High  School  building  on  18th  Street;  the  Spring  Valley  Water 
Company's  pimiping  station  and  its  chimney  on  17th  Street ;  the 
tall  brick  chimney  of  the  brick  plant  on  West  IGth  Street;  other 
structures  of  more  or  less  importance  could  be  included  in  this 
list.  It  is  true  that  the  number  of  brick  buildings  in  this  district 
forms  an  exceedingly  small  proportion  of  the  total  number  of  build- 
ings— which  are  chiefly  frame — but  surely  evidence  of  this  charac- 
ter is  entitled  to  the  same  consideration  as  that  mentioned  by  the 
Committee  in  discussing  the  behavior  of  the  limited  number  of 
steel  frame  buildings  in  the  city,  which  were  constructed  with  far 
greater  care  than  the  brick  buildings  just  mentioned. 

A  brick  building  on  Beale  Street  near  Market,  owned  and  oc- 
cupied by  a  wholesale  hardware  company  (Dunham,  Carrigan  and 
Hayden  Company),  was  constructed  upon  what  the  architects  termed 
a  "floating"  foundation,  which  consisted  of  an  independent  grillage 
of  heavy  timbers  for  each  of  the  four  walls.  The  floors  were  sup- 
ported by  cast-iron  columns.  With  the  exception  of  a  few  bricks 
which  were  dislodged  by  the  shifting  of  the  heavy  cornice  stones, 
the  foundation  and  walls  were  uninjured  by  the  earthquake,  al- 
though the  latter  were  reduced  to  ruins  by  the  fire.  The  founda- 
tion is  still  intact,  and  will  be  used  for  another  building. 

The  writer  has  not  overlooked   the  fact  that   not  a   few  brick 
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buildings  were  partially — and  some  wholly — wrecked  by  the  earth-  Mr.  Ritfle. 
quake,   but   it   is   generally   conceded   that   most   of   these   were   so 
flimsily  constructed  that  their  failure  was  plainly  due  to  poor  ma- 
terials, poor  workmanship,  or  a  combination  of  the  two. 

The  City  Hall  is  a  case  in  point.  To  many,  its  wreckage  was 
no  surprise,  since  it  had  long  been  regarded  as  a  notorious  example 
of  vicious  construction.  The  massive  columns,  which  were  a  promi- 
nent feature  of  the  building,  consisted  of  cast-iron  shells  presum- 
ably filled  with  good  concrete.  The  earthquake,  however,  developed 
the  fact  that  loose  sand,  brickbats,  and  building  refuse  generally, 
had  been  largely  substituted  for  concrete.  The  walls  were  con- 
structed with  an  equal  disregard  for  honesty  and  good  practice. 

In  several  other  instances  of  partially  wrecked  brick  buildings 
known  to  the  writer,  the  cause  of  failure  was  clearly  due  to  inade- 
quate foundations.  Two  of  these  had  been  constructed  on  "made" 
ground,  while  another  had  been  built  partly  in  excavation  and 
partly  on  embankment ;  in  fact,  poor  foundations  were  responsible 
for  many  failures  of  buildings  of  this  class.  Had  all  the  brick 
buildings  of  San  Francisco  been  erected  on  as  substantial  founda- 
tions as  those  prepared  for  the  steel  frame  buildings  mentioned  by 
the  Committee,  and  had  they  been  given  equally  rigid  inspection 
during  their  construction,  it  is  not  too  much  to  say  that  the  per- 
centage of  failures  would  have  been  very  small  indeed.  On  the 
other  hand,  had  the  steel  frame  buildings  been  erected  on  inade- 
quate foundations,  there  would  have  been  a  large  percentage  of 
failures  recorded  against  this  type  of  construction. 

The  writer  is  decidedly  of  the  opinion  that  a  careful,  unljiased 
inquiry  into  all  the  facts  pertaining  to  the  behavior  of  brick  build- 
ings at  the  time  of  the  earthquake,  together  with  the  facts  regard- 
ing their  construction,  would  not  only  show  that,  to  a  great  extent, 
the  conclusions  contained  in  the  reports  were  based  on  insufficient 
evidence  and  erroneous  deductions,  but  would  lead  to  a  modifica- 
tion, if  not  a  complete  reversal,  of  the  Committee's  findings. 

H.  H.  Wadsworth,  M.  Am.  Soc.  C.  E.  (by  letter). — Lest  the  Mr.  wads- 
report  of  the  Committee  on  the  Etfect  of  the  Earthquake  on  High- 
way Structures  should  convey  the  impression  that  such  structures 
were  singularly  immune  from  damage  by  the  earthquake  which 
caused  such  destruction  to  other  engineering  structures  in  the 
vicinity  of  the  region  of  greatest  movement,  the  writer  presents 
a  photograph  (Plate  LXV)  of  a  highway  bridge  across  a  creek 
tributary  to  Tomales  Bay,  near  Point  Reyes  Station  on  the  North 
Shore  Railway,  in  Marin  County,  and  within  less  than  2  miles  of 
the  fault  line.  This  bridge  was  seen  by  the  writer  about  three 
months  after  the  earthquake,  and  had  then  been  made  passable  for 
teams. 
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Mr.  Wads-  The  bridge,  originally  had  eight  panels,  its  total  length  being 
^  '  approximately  120  ft.  It  is  located  in  a  direction  nearly  north 
and  south.  The  abutments  are  of  piles  and  timber.  The  effect  of 
the  earthquake  was  to  settle  the  north  abutment  some  2  or  3  ft., 
and  move  it  southward  so  much  that,  in  patching  up  the  structure 
temporarily,  the  north  end  panel  was  not  utilized  as  a  part  of  the 
span,  but  the  second  batter  post  of  each  truss  was  given  a  footing 
on  the  abutment  in  its  new  position,  thus  becoming  the  end  posts 
of  the  trusses.  An  apron  was  then  built  from  the  approach  to  the 
bridge  roadway. 

The  stresses  in  the  structure  were  thus  considerably  altered 
from  those  originally  existing,  but  the  bridge  was  still  doing  duty, 
and  apparently  no  restrictions  as  to  its  use  had  been  imposed  by  the 
county  authorities. 
Mr.  PerrQt.  Emile  G.  Perrot,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The 
report  of  the  Committee  on  Fire  and  Earthquake  Damage  to  Build- 
ings, while  very  comprehensive,  is  lacking  in  some  details  as  to  the 
,  exact  nature  of  the  materials  used  in  construction,  a  knowledge  of 
which  would  throw  more  light  on  the  subject.  Some  of  these  de- 
tails, which  the  writer  feels  would  be  of  much  benefit  to  those  in- 
terested, are  the  following: 

Under  the  head  of  masonry  walls :  What  was  the  character  of 
the  brick;  how  were  the  walls  bonded;  what  was  the  composition 
of  the  mortar  (lime  or  cement)  ;  and  what  was  the  thickness  of  the 
walls,  compared  with  the  standards  of  the  New  York  or  Philadelphia 
Building  Bureaus? 

Under  the  head  of  reinforced  concrete:  What  proportions  were 
used  in  the  concrete;  what  kind  of  stone  was  used  in  the  aggre- 
gate; and  how  many  inches  of  concrete  protected  the  rods  on  the 
bottom  and  sides  of  beams,  girders,  and  slabs? 

All  these  facts  are  of  vital  importance  when  comparing  results. 
In  most  cases  it  is  not  possible  to  determine  these  details  from  an 
inspection  of  the  work,  but  it  might  be  possible  to  obtain  records, 
such  as  specifications  of  the  work  (if  they  have  not  been  burnt), 
which  would  give  this  information. 

The  Committee  states  that  the  quality  of  the  workmanship  had 
an  important  bearing  on  the  results;  that  at  Stanford  University, 
where  brick  walls  were  veneered  with  stone,  "there  was  a  separa- 
tion of  the  ashlar  facing  from  the  brick  backing,"  while  the  build- 
ings with  full  stone  walls  were  but  slightly  injured.  This  would 
seem  to  indicate  a  much  lower  standard  of  workmanship  in  the 
former  than  in  the  latter  case,  for  it  is  certainly  not  a  difficult 
matter  to  bond  an  ashlar  face  to  a  brick  backing.  Further,  it 
would  lead  one  to  believe  that  the  standard  of  workmanship  on  the 
Pacific   Coast  was  not   as   high   as   in  the   East,   especially  as  the 
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buildings  at  Stanford  University  were  supposed  to  be  of  the  best ;  Mr.  Perrot. 
what  then  could  be  expected  of  those  buildings  for  which  the  cost 
had  to  be  more  carefully  considered? 

The  question  is  sometimes  asked :  What  would  happen  to  New 
York,  if  an  earthquake  occurred  there?  The  writer  does  not  think 
that  a  calamity,  such  as  befell  San  Francisco,  could  befall  any  of 
the  large  Eastern  cities,  as  the  buildings  are  much  better  con- 
structed in  every  respect. 

Under  the  head  of  fire-proofing,  the  Committee  considers  solid 
concrete — it  does  not  say  in  what  proportions — at  least  4  in.  thick, 
with  a  mesh  of  reinforcement,  equal  to  red  brick  set  in  Portland- 
cement  mortar.  It  also  states  "that  all  structural  parts  of  a  build- 
ing, of  whatever  material  constructed,  must  be  protected  by  an- 
other material  which  will  be  a  more  or  less  complete  loss  in  fire," 
and  refers  to  reinforced  concrete  as  coming  under  this  head.  The 
writer  cannot  see  the  force  of  this  argument.  Since  it  is  agreed 
that  reinforced  concrete  is  a  good  fire-proofing  material,  why  not 
make  the  integral  structural  part  larger  in  the  first  place,  and  do 
away  with  the  veneer  or  covering,  as  it  adds  nothing  to  the  strength 
of  the  member,  while  an  additional  thickness  of  concrete,  being 
homogeneous  with  the  structural  part,  gives  it  increased  strength ; 
so  that,  prior  to  any  fire,  the  building  has  a  greater  factor  of  safety, 
and,  in  the  event  of  a  fire,  the  portions  of  the  exterior  surfaces  of 
the  concrete  rendered  worthless  can  be  removed,  and  the  parts  re- 
surfaced? The  writer  has  seen  this  done  with  concrete  damaged  by 
frost  to  a  depth  of  from  2  to  4  in. 

To  illustrate  the  point :  If  it  were  calculated  that  a  10  by  10-in. 
reinforced  concrete  column  would  be  required  to  support  a  certain 
floor  load,  and  if  3  in.  of  concrete  were  added  all  around  for  fire- 
proofing,  making  a  16  by  16-in.  column,  this  column  would  not 
occupy  any  more  floor  space  than  a  10  by  10-in.  reinforced  concrete 
column,  fire-proofed  with  3  in.  of  metal  lath  and  plaster  or  terra 
cotta,  while  there  would  be  two  and  one-half  times  more  concrete, 
and,  consequently,  two  and  one-half  times  more  strength  in  the 
former  column  than  in  the  core  of  the  latter,  as  the  plaster  or  terra- 
cotta veneer  would  add  very  little  to  the  strength. 

With  regard  to  reinforced  concrete  buildings  offering  the  solu- 
tion to  the  problem  of  resisting  earthquake  shocks,  the  Committee 
seems  to  think  that,  as  now  designed,  they  are  weak;  this  may  be 
so,  but  it  must  not  be  forgotten  that,  in  the  East,  very  many  large 
and  important  buildings  have  been  built,  and  are  being  built,  in 
which  much  thought  has  been  given  to  just  such  points  as  those  to 
v;hich  the  Committee  would  call  attention. 

Luther  Wagoner,  M.  Am.  See.  C.  E.  (by  letter). — The  breaks  Mr.  Wagoner, 
in  tall   chimneys,  as   far   as  observed  by   the   writer,   were   in  the 
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Mr.  Wagoner,  middle  third ;  the  smaller  chimneys,  upon  residences,  were  usually 
broken  at  the  roof  line,  many  being  twisted  and  broken  through  a 
number  of  courses.  One  chimney,  upon  a  brick  wall,  IS  by  32  in., 
and  7  ft.  above  the  wall,  was  broken  through  eight  horizontal 
courses,  its  top  being  rotated  about  30°  from  its  original  position. 
Froin  a  careful  inspection,  both  before  and  after  the  fire,  the  writer 
believes  that  most  of  the  failures  were  due  to  lack  of  bond,  and  that 
the  addition  of  a  very  moderate  compression  by  the  use  of  one  or 
more  pairs  of  rods,  reaching  preferably  from  base  to  top,  and  pro- 
vided with  turn-buckles  to  maintain  tension  upon  the  rods,  would 
reduce  chimney  accidents  to  a  very  low  percentage.  The  same  re- 
marks apply  to  walls,  gables  and  cornices. 

The  writer  concurs  with  the  conclusion  reached  by  the  Commit- 
tee on  Fire  and  Earthquake  Damage  to  Buildings  that,  "the  prime 
requisite  of  the  structure  is  elasticity,"  and,  for  this  reason,  advo- 
cates the  use  of  moderate  compression  by  long  rods,  where  possible, 
as  a  proper  precaution  in  earthquake  countries.  Such  rods  could 
be  adjusted  to  maintain  an  elastic  compression  upon  the  top  courses, 
and  would  aid  in  checking,  and  possibly  wholly  prevent,  rotation 
as  well  as  overturning. 

Concerning  the  Committee's  conclusions  as  to  fire  damages,  the 
writer  draws  different  ones  from  the  same  premises.  He  watched 
the  burning  of  many  of  the  buildings  supposed  to  be  fire-proof, 
and  believes  it  is  safe  to  say  that  little  damage  was  done  to  the 
external  trim  by  fires  from  adjoining  buildings,  but  that  the  greater 
portion  of  such  damage  was  due  to  flames  issuing  from  the  window 
and  door  openings  of  such  fire-proof  buildings.  That  this  is  a 
proper  conclusion  is  evident  from  the  fact  that  the  greatest  damage 
was  at  such  openings,  and  that  practically  no  damage  occurred  be- 
tween the  openings. 

The  only  logical  inference  that  can  be  drawn  from  the  carefully 
compiled  data  of  the  Committee,  as  far  as  concerns  the  spread  of 
a  fire  or  the  arrest  of  its  progress  during  a  general  conflagration, 
is  that  a  solid  fire-wall  is  required  to  check  the  flame. 

All  these  high-class  buildings  had  large  window  areas — com- 
mon glass  in  wooden  sashes  and  frames — wooden  floors  and  doors, 
and  much  wooden  furniture,  and  had  no  more  resistance  to  ex- 
terior fire  than  ordinary  brick  or  wooden  buildings. 

The  chief  lesson  to  be  learned  from  this  is  that  such  openings 
should  have  better  protection. 

The  report  of  the  Special  Committee  of  the  National  Fire  Pro- 
tection Association,  on  the  Baltimore  fire,  1904,  page  123,  states: 

"The  general  absence  of  protection  at  exposed  wall  openings  is 
responsible  for  the  spread  of  this  conflagration  more  than  any  oth?r 
cause.  In  fact,  this  condition  may  be  safely  stated  to  have  been 
the  cause  for  the  spread  of  this  fire  beyond  Fire  Department  control."' 
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Again,  page  124  :  Mr.  Wagoner. 

"The  contents  of  a  fire-resistive  building,  without  proper  sub- 
division and  no  adequate  protection  against  exposing  fires,  are 
scarcely  any  safer  as  regards  destruction  by  fire  than  if  contained 
in  a  building  of  ordinary  construction." 

So  true  and  generally  applicable  are  the  foregoing  quotations 
that  they  deserve  to  be  framed  and  hvmg  in  the  office  of  owner,  de- 
signer and  architect.  Indeed  all  the  conclusions  of  the  above- 
named  Committee  on  the  Baltimore  fire,  pages  118  to  124,  could 
also  be  deduced  from  the  San  Francisco  fire. 

It  was  stated  at  a  meeting  of  the  Structural  Association  of  San 
Francisco,  that  any  building  had  about  60%  of  chance  of  fire  from 
an  exterior  attack.  This  was  said  to  be  due  to  the  fact  that  it 
usually  had  the  four  sides  and  top  as  exposures,  as  against  an  in- 
terior attack;  but,  in  a  general  conflagration,  the  attack  is  entirely 
an  exterior  one,  hence  the  greater  necessity  of  proper  guards  for 
all  exterior  openings  and  roofs. 
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Mr.  Davis.  James  L.  Davis,  Assoc.  M.  Am.  Soc.  C.  E. — As  the  methods 
given  in  this  paper  are  presumably  new  to  many,  it  may  be  of 
some  interest  to  show  their  application  to  aggregates  other  than 
the  two  used  in  the  experiments  on  which  the  authors'  conclusions 
were  based. 

The  Board  of  Water  Supply  of  the  City  of  New  York,  in  its 
work  of  bringing  an  additional  supply  of  water  from  the  Catskills, 
has  established  a  laboratory  for  the  investigation  of  the  chemical 
and  physical  problems  which  may  come  up  in  connection  with  the 
works,  and  it  has  been  the  speaker's  duty  to  collect  and  examine 
a  large  number  of  aggregates  which  may  be  available  for  construc- 
tion purposes  at  various  points  along  the  route  of  the  proposed 
aqueduct. 

What  is  here  presented  contains  nothing  original  as  to  method, 
but  is  simply  the  application  of  the  methods  proposed  in  this  paper 
to  a  few  aggregates  as  they  have  been  fovind.  These  methods  are 
shown  by  the  diagrams.  Figs.  17  to  21,  inclusive.  The  calculations 
used  in  combining  the  curves  have  been  omitted.  The  methods  by 
which  this  is  done  are  not  difficult,  and  are  very  fully  explained 
in  "Concrete,  Plain  and  Reinforced,"  by  Messrs.  Taylor  and  Thomp- 
son, in  the  chapter  on  proportioning  concrete  written  by  Mr.  Fuller. 

*  This  discussion  (of  the  paper  by  William  B.  Fuller  and  Sanford  E.  Thompson, 
Members,  Am.  Soc.  C.  E..  printed  in  Proceedings  tor  March,  1907),  is  printed  in  Proceed- 
ings in  order  that  the  views  expressed  may  be  brought  before  all  members  for  further 
discussion. 
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The  diagram.  Fig.  17,  is  a  study  of  crushed  rock,  the  mechani-  Mr.  Davis 
cal  analysis  having  been  made  and  plotted  in  the  manner  previously 
described.  This  rock  is  the  Shawangunk  grit,  which  is  a  quartzite. 
The  lower  curve  shows  the  analysis  of  the  material  as  it  came  from 
the  crusher,  ranging  in  size  from  |  in.  down.  The  upper  curve 
shows  the  same  material  run  through  rolls  set  i  in.  apart. 

The  ideal  curve  is  shown  as  a  dotted  line.  This  curve  was 
plotted  by  using  the  constants  given  for  Jerome  Park  crushed  stone, 
that  stone  being  taken  as  representative  of  crushed  rock  in  general, 
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as  far  as  the  constants  are  concerned.  The  combined  curve  shows 
the  result  of  combining  the  two  sizes  of  materials  in  the  propor- 
tions of  63%  coarse  and  37%  fine.  The  resulting  curve  conforms 
closely  to  the  ideal  down  to  stone  of  0.4  in.  diameter.  From  this 
size  down  to  that  of  0.15  in.  diameter,  there  is  a  deficiency.  Of 
course,  this  could  be  remedied  by  combining  the  different  propor- 
tions, which  would  raise  the  combined  curve. 

One   of   the   conclusions   of   the   paper,   however,    is   that   a   de- 
ficiency  in   the   medium-sized    stone   will    not   result   in   a   loss    of 
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Mr.  Davis,  strength  in  the  concrete,  while  an  excess  will  cause  such  a  loss ; 
therefore,  it  is  better  not  to  change  the  proportions.  The  com- 
bined curve  also  shows  a  deficiency  in  the  quantity  of  fine  sand, 
but  this  will  be  made  up  by  the  addition  of  the  cement,  as  the  ideal 
curve  includes  the  cement;  and,  with  the  cement  added,  there  will 
be  a  new  or  corrected  combined  curve,  for  the  s/ind  portion,  which 
will  approach  the  ideal.     This  case  is  a  very  ordinary  one. 

Fig.  18  shows  a  gravel.  The  run  of  the  bank  is  plotted,  the 
lower  and  upper  curves  showing  the  result  of  screening  this  ma- 
terial to  two  sizes — that  which  is  retained  on  a  sieve  of  0.2-in.  mesh, 
or  clear  opening,  and  that  which  passes  such  a  sieve. 
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Fui.  18. 


The  ideal  curve  was  plotted  with  the  constants  given  for  Cowe 
Bay  gravel,  and  shows,  by  the  length  of  the  ordinate  at  0.2-in. 
diameter,  that  66%  of  the  ideal  mix  should  be  coarser  than  this. 
The  combined  curve  shows  the  result  of  taking  this  percentage  of 
coarse  material  and  34%  of  fine  material.  It  approaches  very 
closely  the  ideal  mix.  There  is  a  deficiency  of  fine  sand,  but,  as 
in  the  case  of  the  Shawangunk  grit,  this  would  be  made  up  by 
the  cement. 

Fig.  19  shows  a  crushed  limestone,  available  in  the  New  York 
market.     The  lower  curve  shows  the  product  sold  as  2:|-in.  stone. 
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It  ranges,  actually,  from  2  in.  to  |  in.     Such  stone  is  often  used,  Mr.  Davis 
with  screenings,  as  a  substitute  for  sand.     The  upper  curve  shows 
such  a  material  produced  by  a  crusher  with  jaws  set  to  the  maximum 
opening  of  i  in. 

In  these  experiments,  the  two  combined  curves  show  how,  by 
scientific  study,  improvement  may  be  made  over  the  usual  rule-of- 
thumb  methods  of  mixing.  Suppose  a  concrete  having  the  propor- 
tions, 1  cement  to  8  aggregate,  is  wanted.  In  ordinary  work  a 
common  proportion  would  be  1  :  2^  :  5J,  This  is  equivalent,  in  this 
case,  to  60%  of  coarse  and  40%  of  fine  aggregate.  The  plotting 
shows  a  deficiency  in  all  sizes  below  those  of  about  1^  in.  diameter. 
An  improvement  is  shown  by  the  upper  combined  curve  in  propor- 
tions of  49%  coarse  and  51%  fine  aggregate,  and  the  case  involves 
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no  extra  expense  for  labor,  but  the  cost  might  be  increased  some- 
what by  the  use  of  the  increased  proportion  of  fine  material,  as 
it  is  more  expensive  to  crush  it  to  this  fine  size. 

Fig.  20  shows  a  gravel  from  Cortland,  N.  Y.  It  was  not  selected 
because  it  illustrated  particularly  the  application  of  this  method 
of  proportioning,  but  because  it  is  one  of  the  best  gravels  to  be 
found  in  the  vicinity  where  it  occurs. 

Concrete  is  often  made  by  mixing  a  certain  proportion  of  cement 
with  gravel,  as  it  comes  from  the  bank.  A  comparison  of  the  curve 
of  the  run  of  the  bank  with  the  ideal  curve  shows  how  far  from 
good  the  results  would  be  in  such  a  case. 

The  upper  and  lower  curves  show  the  analyses  of  this  material 
screened  to  two  sizes,  as  shown  in  a  preceding  case.    By  the  length 
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Mr.  Davis,  of  the  ordinate,  at  0.2  in.  diameter,  the  ideal  curve  shows  that  66% 
of  the  mix  should  be  coarser  than  this  size. 

The  upper  combined  curve  shows  the  result.  This  gives  almost 
ideal  results  for  the  sand  portion,  but  the  proportions  passing 
various  medium-sized  screens  are  altogether  too  large.  The  lower 
combined  curve  shows  the  result  of  attempting  to  remedy  this  by 
using  a  larger  proportion  of  the  coarse  material.  The  stone  portion 
of  the  mix  is  improved,  but  the  sand  portion  becomes  totally  unfit. 
This  demonstrates  that  this  material  screened  to  these  two  particu- 
lar sizes  cannot  be  combined  in  ideal  proportions. 


100', 
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Fig.  20. 

Inspection  of  the  curve  shows  that  the  material  retained  above 
the  0.2-in.  diameter  conforms  closely  to  the  ideal  down  to  0.4-in. 
diameter,  and  that  the  trouble  with  the  combined  curves  occurs 
between  0.2  and  0.4  in.  diameter.  This  suggests  screening  the  ma- 
terial into  three  instead  of  two  sizes.  The  result  is  shown  by  Fig. 
21,  on  which  the  run  of  the  bank,  the  ideal  curve,  and  the  material 
below  the  0.2-in.  size  are  plotted,  as  in  Fig.  20.  The  coarse  material 
has  been  separated  into  two  sizes,  ranging  from  0.4  in.  up,  and  from 
0.2  to  0.4  in. 

The  combined  curve  shows  the  result  of  combining  the  three 
sizes  in  proportions  of  56%   coarse,  34%   fine,   and  10%  medium. 
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The  result  is  a  close  conformation  to  the  ideal  curve,  and  it  might  Mr.  Davis, 
be  safely  stated  that  the  resulting  concrete  would  be  strong  and 
economical. 

It  would  not  be  at  all  impracticable  to  use  these  proportions,  as 
it  would  only  be  necessary  to  interpose  another  screen  of  about 
I -in.  mesh,  when  screening  out  the  sand  from  the  run  of  the  bank. 

The  authors  explain  the  methods  of  making  laboratory  com- 
parisons of  the  different  aggregates  and  studying  the  various  mix- 
tures, but  these  do  not  conflict  with  the  more  common  ones  used  for 
determining  the  proportions  of  voids  in  the  aggregate;  they  simply 
accomplish  the  same  result  in  a  more  accurate  and  scientific  way. 
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Fig.  21. 


H.  DE  B.  Parsons,  M.  Am.  See.  C.  E. — The  speaker  would  like  Mr.  Parsons, 
tu  ask  the  following  questions : 

Did  the  experiments  show  any  limit  to  the  tensile  stress  to 
which  concrete  might  be  subjected  with  safety?  There  are  masonry 
structures  in  which  the  masonry  oftentimes  is  under  tension,  but 
do  the  experiments  show  any  limit  in  that  direction? 

Did  age  affect  the  concrete  in  any  way?  Frequently,  a  cement 
which  has  a  certain  strength  at  the  end  of  a  given  time,  say  1 
month,  or  2  months,  is  not  as  strong  at  the  end  of  an  extended 
period  as  another  cement  which  is  weaker  at  the  end  of  the  ?ame 
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Ml-.  Parsons,  first  period  of  1  month,  or  2  months.  Has  this  difference  in  strength 
any  marked  effect  when  the  aggregate  is  mixed  as  suggested  in  the 
paper?     Were  any  experiments  made  along  this  line? 

Was  the  effect  of  heat  studied  ?     In  other  words,  would  a  con- 
crete mixed  according  to  the  ideal  curve  resist  heat  any  better  than 
a  concrete  in  which  the  same  materials  were  used,  but  not  mixed 
according  to  the  ideal  curve? 
Mr.  Hazea.  Allen  Hazen,  M.  Am.  Soc.  C.  E. — All  who  use  concrete  are  in- 

terested in  the  art  of  selecting  and  mixing  the  ingredients  in  such 
a  way  as  to  get  the  best  results;  and  a  better  understanding  of  the 
underlying  principles  is  certain  to  be  helpful  in  many  cases  in  ob- 
taining a  better  utilization  of  available  materials. 

There  is  some  comfort  to  be  drawn  from  the  paper,  and  especially 
from  Mr.  Davis'  discussion  of  it,  in  regard  to  the  methods  which 
have  been  in  use.  Mr.  Davis,  in  his  diagrams,  has  designated  the 
various  materials  as  "coarse"  and  "fine,"  and  it  is  noted  that,  as 
he  computes,  he  gets  the  best  results  in  nearly  all  cases  when  about 
one-third  of  the  whole  volume  is  made  up  cf  fine  material.  Now, 
one-third  of  sand  is  not  very  far  from  the  proportion  which  is 
generally  used  in  making  concrete,  and  it  appears  that  this  analysis 
does  not  tend  to  change  this  proportion. 

The  authors  contend  that,  by  using  a  theoretically  correct  mix- 
ture— and  by  theoretically  correct  is  meant  the  kind  of  a  mixture 
which  they  describe — about  12%  of  the  cement  can  be  saved,  as 
compared  with  a  concrete  mixed  in  the  ordinary  way  from  average 
materials.  That  is  to  say,  with  concrete  mixed  in  the  usual  way, 
from  good  materials,  but  without  any  special  precaution,  it  would 
take  12,%  more  cement  to  produce  a  concrete  of  the  same  strength 
as  could  be  obtained  by  the  use  of  especially  prepared  and  selected 
mixtures. 

Now,  in  mixing  ordinary  concrete,  at  current  prices  for  ma- 
terials, and  with  an  average  mixture,  12%  of  the  cement  probably 
represents  25  cents  per  cu.  yd.;  and  the  question  is  raised  as 
to  whether  the  additional  grading,  mixing,  and  supervision  required 
to  get  the  ideal  mixture  can  be  carried  out  for  as  little  as  25  cents 
per  cu.  yd.  In  other  words,  can  the  saving  in  cement  be  made 
to  pay  for  the  extra  trouble  in  connection  with  the  other  materials? 
Obviously,  this  will  depend  upon  conditions.  There  will  certainly 
be  many  cases  where  an  improvement  in  the  mixture  can  be  ob- 
tained at  an  expense  so  small  that  the  saving  in  cement  will  more 
than  justify  it;  but  there  will  be  other' cases,  and  many  of  them, 
where  it  will  be  cheaper  and  better  to  use  the  additional  cement 
than  make  the  extra  effort  to  secure  what  the  authors  consider  an 
ideal  arrangement  of  the  other  ingredients. 

The   paper  certainly  will  help  to  an   understanding  of  what   is 
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desirable;   and   "knowing  what  is   wanted"   is   a   long  step   toward  Mr.  Haz^n. 
securing  it.     The  authors  have  certainly  helped  in  that  direction, 
and  are  to  be  congratulated. 

Samuel  Tobias  Wagner,  M.  Am,  Soc.  C.  E.  (by  letter). — This  Mr.  Wagner. 
paper  is  of  scientific  interest,  and  is  particularly  valuable  on  ac- 
count of  the  accuracy  with  which  the  experiments  were  made  and 
presented.  Careful  work  of  this  kind  must  be  done  by  someone, 
in  order  that  principles  may  be  established  definitely;  and,  ordi- 
narily, such  care  is  impossible.  After  these  laws  are  determined,  all 
that  remains  is  to  ascertain  the  practical  uses  to  which  the  con- 
clusions may  be  applied. 

After  reading  the  paper  carefully  and  listening  to  Mr.  Thomp- 
son's able  abstract  and  Mr.  Davis'  timely  discussion,  the  writer  is 
fully  convinced  that  the  constructing  engineer  on  any  work  of 
magnitude  should  know,  with  the  materials  which  he  has  on  hand, 
whether  he  is  using  the  best,  or  nearly  the  best,  proportions  of  the 
aggregates,  in  order  to  produce  the  best  concrete.  In  many  cases 
the  stone  will  come  from  the  same  quarry,  be  passed  through  the 
same  crusher  and  screens,  and  the  sand  will  probably  not  vary  to 
any  great  extent  unless  the  locality  from  which  it  is  obtained  is  . 
changed.  The  engineer,  therefore,  should  be  in  a  position — if  it 
can  be  done  without  the  expenditure  of  too  much  time — to  know 
what  proportions  of  each  of  these  given  materials  will  give  the  best 
results.  Usually,  he  cannot  afford  the  time  to  make  a  laboratory 
test,  in  a  manner  similar  to  that  used  by  the  authors,  in  order  to 
see  what  kind  of  a  curve  his  materials  will  give,  but  it  would  be 
H  great  satisfaction  to  him  to  see  such  a  curve. 

The  authors  used  21  sieves  in  their  tests  in  order  to  determine 
accurately  all  points  on  their  curves.  It  was  undoubtedly  wise  to 
use  this  number  in  such  experiments,  but  when  applied  practically 
it  means  that  such  a  determination  must  be  made  in  the  laboratory. 
The  writer  would  like  to  ask  the  authors  whether  it  is  not  possible 
to  reduce  the  number  of  these  sieves  to,  say,  four  or  five  for  the 
sand,  and  to  a  similar  number  for  the  stone?  Could  not  these  be 
taken  into  the  field,  with  a  weighing  scale,  so  that  an  approximate 
curve  might  be  determined  there  which  would  be  of  value? 

If  such  a  field  outfit  would  enable  an  engineer  to  determine  an 
approximate  curve,  it  would  not  be  a  serious  matter  to  go  through 
the  operation  whenever  the  sizes  of  the  sand  or  stone  seemed  to  vary. 

The  engineer  must  determine  from  these  results  whether  he  is 
warranted  in  making  any  change  which  would  entail  additional 
cost,  but,  in  most  localities,  the  mere  re-proportioning  of  the  aggre- 
gate, without  making  any  change  in  the  proportion  of  the  cement 
to  the  total  aggregate,  would  entail  no  additional  expense  except 
the   adjustment   of  the   mixing   boxes,   and   would,   without   doubt. 
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Ml.  Wagner,  make    considerable    difference    in    the    character    of    the    resulting 
concrete. 

In  recent  years,  the  writer's  attention  has  been  called  to  the 
materials  furnished  on  a  number  of  works  where  the  specified  divid- 
ing line  between  the  sand  and  the  stone  was  i  in.  In  most  of 
these  cases  the  stone  represents  the  "run  of  the  crusher,"  and  while 
not  nominally  containing  any  material  smaller  than  i  in.,  actually 
had  an  amount  of  finer  material.  On  the  other  hand,  the  sand  con- 
tained some  material  which  was  larger  than  1  in.,  and  yet  the  pro- 
portioning was  made  without  any  reference  to  the  actual  sizes.  It 
seemed  self-evident  that  there  was  too  much  so-called  "sand,"  and 
not  enough  "stone,"  that  is,  there  was  an  excess  of  fine  material  in 
the  concrete. 

The  authors  are  asked  whether  they  cannot  suggest  some  satis- 
factory method  to  be  used  in  the  field  which  would  enable  the  engi- 
neer on  the  ground  to  determine  what  changes,  if  any,  should  be 
made  in  the  aggregates  of  the  mix.  Such  a  method,  if  practicable, 
v.'ould  seem  to  have  all  the  elements  of  scientific  reasoning,  and  the 
small  additional  expense  involved  would  be  warranted  on  a  work 
of  any  magnitude. 

If,  however,  the  results  were  to  show  that  a  re-crushing  of  the 
stone  or  a  re-sieving  of  the  sand  were  advisable,  the  question  of 
the  additional  cost  must  govern  the  decision  as  to  whether  it  would 
or  would  not  be  economical. 
Mr.  Feret.  E.  Feret,*  Esq.  (by  letter)  .—The  writer  has  read  this  note- 
worthy paper  with  especial  interest,  as  the  methods  followed  by 
these  investigators  have  been  worked  up  in  a  spirit  similar  to  that 
by  which  he  himself  has  been  animated;  in  fact,  this  study  of 
concretes  might  be  considered  as  a  continuation  of  his  own  work 
on  mortars.  For  example,  he  has  already  graphically  represented 
the  composition  of  granular  mixtures,  such  as  sand  and  gravel  ;t 
has  instituted  the  calcvilation  of  the  elementary  volume  and  the 
density  of  mortars  ;t  has  insisted  on  the  marked  difference  in  the 
proportion  of  voids  existing  in  the  same  mixture  when  dry  and 
after  gauging  with  water  ;||  and  has  shown  that  the  volume  of  cement 
ought  to  be  taken  into  account  in  the  expression  of  the  granulo- 
metric  composition  of  the  mixture,  and  that  this  latter  is  not  modi- 
fied by  replacing  a  part  of  the  cement  with  an  equal  absolute 
volume  of  sand  of  the  same  fineness,  from  which  he  draws  the  con- 
clusion that  the  best  granolithic  composition  is  that  which  after 
gauging  gives  the  densest  mortar,  the  strength  being  goveri^ed  by 
the  proportion  of  fine  grains  as  represented  by  the  cement.  § 

*  Ancien  61§ve  de  I'Ecole  Poly  technique;  Chef  du  Laboratoire  des  Fonts  et  Chauss6es 
&.  Boulogne-sur-Mer. 

t  Commission  des  M6thodes  d'Essai  des  Mat4riaux  de  Construction,  Tome  IV.  p.  309. 

iSur  la  compacit6  des  mortiers  hydrauliques;  Annales  des  Fonts  et  Chaussees, 
1892,  II.  p.  50. 

Chimie  appliqu^e  a  I'Art  de  I'lngSnieur,  2d  edition,  p.  741. 

§  Annales  des  Fonts  et  Chanssees,  1892,  II,  pp.  57  et  157. 
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The  writer  is  very  much  honored  by  the  consideration  which  the  Mr.  Feret. 
iiuthors  have  shown  for  his  former  works;  as  the  basis  of  tlieir 
researches  rests  precisely  on  the  agreement  in  principles  which  have 
just  been  mentioned,  he  highly  esteems  the  work  of  these  investi- 
gators, and  the  remarks  which  he  presents  apply  only  to  points  of 
detail. 

(a). — First,  he  believes  that  instead  of  using  sieves  with  square 
meshes  to  determine  the  different  sizes  of  grains,  it  would  have  been 
preferable  to  use  metal  sheets  perforated  with  circular  holes,  these 
being  simpler  to  define,  less  likely  to  be  deformed,  and  more  easily 
standardized.  There  exists,  moreover  (at  least  for  the  medium  and 
large  grains  of  sand),  the  simple  relation,  x  =  id,  between  the 
diameter,  d,  of  the  holes  in  the  sheet  metal  and  the  size  of  the 
square  mesh  of  the  sieve  which,  with  any  ordinary  sand,  passes  the 
same  proportion  of  residue. 

(b). — From  the  fact  that  most  concretes  contain  the  same  rela- 
tive proportions  of  cement  and  aggregate,  it  results  that  the  densest 
concretes  contain,  in  an  equal  volume,  more  cement  than  the  others, 
which  explains  in  part  their  usual  superiority  in  strength.  To  show 
in  a  better  way  that  this  superiority  is  due  also  to  the  density  it- 
self, it  would  have  been  preferable  to  have  used  in  each  such  quan- 
tities of  cement  (calculated  after  the  preliminary  tests  for  density) 
that  the  weight  of  the  cement  entering  into  the  same  volume  of 
set  concrete  would  have  remained  constant. 

(c). — Concerning  the  difference  in  compacting  which  may  re- 
sult from  more  or  less  energetic  ramming,  it  would  have  been  well 
to  determine  the  density  on  the  blocks  themselves  before  using  them 
for  strength  tests.  In  reality,  errors  committed  from  the  omission 
of  this  precaution  are  probably  slight,  for  it  seems  that  the  con- 
cretes tested  were  all  of  a  rather  wet  consistency.  The  effect  of  the 
ramming  would  be  more  important  with  dry  concrete.  On  the  other 
hand,  it  must  not  be  forgotten  that  an  increase  in  the  proportion 
of  water  for  gauging  favors  settling  in  lean  concrete,  so  that  laws 
resulting  from  the  comparison  of  concretes  mixed  wet  do  not  neces- 
sarily apply  to  those  of  dry  consistency. 

(d). — The  transverse  tests  give  a  poor  idea  of  the  strength  of 
the  concrete,  for  the  rupture  depends  chiefly  on  the  composition  of 
the  concrete  near  the  surface  of  the  prism  under  tension,  and,  with 
a  mixture  having  coarse  ingredients,  the  distribution  of  these  is  far 
from  being  the  same  against  the  walls  of  the  mould  as  in  the  in- 
terior of  the  mass. 

(e). — As  the  authors  have  well  illustrated  in  Table  7,  the  tests 
for  compression  on  fragments  of  beams  having  their  ends  coated 
with  neat  cement  show  too  great  a  strength.  The  experiments 
noted  in  Table  24,  on  cubes  of  mortar  71  mm.  (2.8  in.)  on  a  side, 
show   that  even   a   slight   covering  of  mortar   applied  to   the  com- 
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Mr.  Feret.  pressed  faces  of  a  block  increases  or  diminishes  its  resistance  ac- 
cording as  the  mortar  is  stronger  or  weaker  than  the  block. 

TABLE  24. 


Average  strength, 
Description  of  specimens  tested.  in  pounds 

per  square  inch.* 


I.— Blocks  Broken  after  Hardening  Twenty  Weeks. 

A.  Blocks  made  wholly  from  mortar  of  test 

B.  Blocks  in  which  the  mortar  had  been  replaced  by  a  leaner  mortar 

with  a  thickness  of  0.119  in.  on  one  of  the  compressed  faces 

C    Similar  blocks  with  0.590  in.  of  lean  mortar 

D.    Similar  blocks  with  0.119  in.  of  neat  cement 


1  210 
1040 
1320 


11.— Blocks  op  Another  Mortar  Tested  at  the  End  of  Four  Weeks. 


E.  Blocks  without  caps I  1  095 

F.  The  same  blocks,  covered  with  a  very  thin  coat  of  neat  cement. .  1  250 

*  Each  strength  is  the  average  ol"  six  tests. 

In  regard  to  the  fragments  of  prisms  tested  by  the  authors,  it  is 
conceivable  that  the  irregularity  of  their  ends,  notwithstanding  the 
caps  of  neat  cement,  might  have  made  the  decidedly  large  differ- 
ence between  the  strengths  obtained,  as  appears  from  the  averages 
found,  14.4%  and  4.5%,  respectively,  for  these  variations.  These 
difficulties  might  have  been  avoided  and  more  exact  results  obtained 
by  crushing  the  prisms  transversely,  placed  cross-wise  between  two 
steel  plates  of  the  same  size  as  the  prisms  themselves,  the  irregular 
ends  extending  from  each  side  and  exerting  no  influence  on  the 
strength  of  the  cubic  blocks  actually  submitted  to  the  compression. 

(f). — The  writer  does  not  think  justifiable  the  distinction,  made 
in  Columns  23  and  24  of  Table  8,  between  the  voids  of  the  cement 
and  those  of  the  aggregate,  for  the  separation  of  the  grains  of 
cement  in  the  mortar  or  in  the  concrete  is  not  the  same  as  in  the 
neat  cement  paste.  It  would  be  more  interesting  to  try  to  separate 
the  total  voids  into  "pores"  of  very  small  dimensions,  produced  by 
bubbles  of  air  entrained  in  the  mortar,  or  by  the  departure  of  the 
water  in  so  far  as  it  combines  and  evaporates,  and  "cavities,"  or 
relatively  large  voids,  resulting  from  an  incomplete  filling  of  the 
spaces  between  the  stones  by  the  mortar.  But  the  difficulty  is  to 
determine  a  limiting  size  between  the  grains  which  may  be  con- 
sidered as  forming  part  of  the  mortar  and  those  which  should  be 
considered  as  stone. 

(g). — The  law  discovered  by  the  authors  from  which  the  maxi- 
mum density  of  all  concretes  made  with  given  materials  corresponds 
.to  its  granulometric  composition  defined  by  a  certain  curve,  is  ex- 
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tremely   interesting.     Unfortunately,   it   is   necessary   to   determine  Mr.  Feret. 

for   each   kind    of   material   the   two   parameters,   a   and   h,   which 

measure  the  axes  of  the  ellipse,  and,  moreover,  it  seems  to  result 

from  the  reported  experiments  that  the  concretes  corresponding  to 

the  theoretical   curve  often   have  too   little  cement  to  be  used   in 

practice.     Finally,  the  authors'   Conclusion   7,   in   connection   with 

their  statement  that  stones  of  uniform  size  give  concrete  at  least 

as  dense  as  stones  of  graduated  sizes  conforming  to  the  rectilinear 

part  of  the  theoretical  curve,  suggests  that  the  actual  formula  is 

not  definite  enough,  and  should  be  replaced  by  another,  more  general 

and  more  simple.     Particularly,  it  is  desirable  that  new  researches 

be  undertaken,  with  the  same  care  and  the  same  earnestness,  with 

a  view  to  finding  a  law  applicable  to  materials  separated  only  into 

a  limited  number  of  sizes  of  grains. 

(h). — Experiments  upon  permeability  give  in  general  uncer- 
tain results,  and  it  is  not  unusual  to  see  many  blocks  of  the  same 
concrete  which,  although  treated  in  an  identical  manner,  permit 
very  different  quantities  of  water  to  filter  through  them.  More- 
over, the  flow  varies  very  rapidly  at  first,  each  time  that  water  at 
a  higher  pressure  is  applied.  This  law  is  not  brought  out  clearly 
from  the  authors'  tests,  and  Table  21  seems  even  to  contradict  it. 
It  can  be  verified  by  the  following  experiment  which  the  writer 
has  made,  on  two  concretes,  A  and  B,  after  various  durations  of 
storage  in  moist  air,  with  each  of  which  three  identical  sample 
blocks  had  been  made.  These  samples  are  distinguished  from  one 
another  in  Table  25  by  the  indices.  Moreover,  Table  25  confirms 
the  law  indicated  in  the  paper  that  the  flow  seems  to  be  very  nearly 
proportional  to  the  pressure. 

In  all  the  experiments  in  Table  25  the  pressure  was  maintained 
for  a  certain  time  at  20  kg.  (284  lb.  per  sq.  in.)  between  the  next 
to  last  reading  and  the  last,  and  the  flow,  almost  always,  was  much 
diminished.  In  Table  26  it  has  been  taken  at  an  interval  of  29  kg. 
(412  lb.  per  sq.  in.),  and  then  brought  back  to  20  kg.  (284  lb.  per  sq. 
in.).  It  is  noticeable  then  that  the  permeability  increased  as  if 
the  effect  of  the  momentary  increase  of  the  pressure  had  been  to 
open  new  passages  for  the  water,  or  partly  to  clear  out  the  passages 
already  existing. 

The  principal  conclusion  to  be  drawn  from  the  experiments  in 
Table  26  is  that  in  the  quantity  of  water  flowing  through  the  same 
block  during  a  unit  of  time  there  may  be  considerable  variation, 
according  to  the  conditions  of  time  and  pressure  under  which  the 
previous  filtration  was  carried  on.  At  this  place  it  may  be  proper 
to  remark  that,  in  Column  17  of  Tables  18,  the  authors  have 
neglected  to  indicate  the  pressure  maintained  up  to  the  first  ap- 
pearance of  the  filtering  water. 
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Mr.  Heret.  The  writer  has  recently  been  informed  of  experiments  on  the 
continued  filtration  of  sea  water  through  mortars,  from  which  he 
concludes  that  it  is  often  the  case  that  the  important  initial  diminu- 
tion of  permeability  will  be  followed  at  the  end  of  8  or  10  days  by 
a  slight  and  temporary  increase,  and,  with  the  method  of  conduct- 
ing the  experiments  on  the  same  subject,*  which  he  has  previously 
published,  this  might  easily  have  passed  unnoticed.  He  will  be 
interested  to  know  if  some  other  investigator  has  not  also  observed 
this  phenomenon. 

*  Annales  des  Fonts  et  Chnussees,  1892,  II,  p.  97. 
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JOHN  JA>IES  ROBERTSON  CROES.  Past  President,  Am.  Soc.  C.  E.* 


Died  :\rARCii  17th,  1906. 


Xot  many  years  ago  Civil  Engineering  was  unrecognized  as  a 
profession,  and  its  few  practitioners  ■n'ere  not  theoretically  educated 
as  engineers,  but  gained  their  technical  education  from  study, 
example,  and  practical  experience,  much  in  the  same  manner  as  the 
apprentice  learns  a  trade. 

Engineering  schools  were  unknown,  and  scientific  courses  in 
colleges  not  yet  established.  In  those  days,  however,  there  were 
engineers  who  cast  luster  upon  the  nascent  profession — men  who, 
although  not  so  highly  educated  as  specialists,  had  a  much  broader 
general  education  than  the  average  graduate  of  the  modern  schools 
of  engineering,  and  responded  admirably  to  the  exigencies  of  new 
and  great  public  works. 

John  James  Robertson  Croes  was  one  of  the  latter  class,  and 
one  of  the  brightest  of  these  engineers  of  the  old  school.  Broadly 
and  thoroughly  equipped  in  general  scholarship,  he  entered  the 
profession  at  the  lowest  round  of  the  ladder,  and  fitted  himself  by 
special  study  and  practical  experience  for  a  long  career  of  useful- 
ness. 

He  was  the  •  only  son  of  the  Rev.  Robert  Brown  and  Helen 
(Robertson)  Croes,  and  was  born  in  Richmond,  Virginia,  on  the 
25th  day  of  November,  1834. 

At  the  time  of  his  birth  his  father  was  the  rector  of  St.  John's 
Church  in  Richmond.  His  paternal  grandfather  was  John  Croes, 
first  Bishop  of  New  Jersey,  whose  parents  came  from  Holland. 

His  maternal  grandfather  was  James  Robertson,  a  Scotchman, 
who  came  to  this  country  at  an  early  age,  and  became  a  prominent 
and  highly  respected  citizen  of  Philadelphia. 

To  Bishop  Croes  may  properly  be  ascribed  the  successful  es- 
tablishment of  Rutgers  College,  prior  to  1825  known  as  Queens 
College.  This  institution,  projected  in  1767  by  the  "Coetus"  party 
of  the  Dutch  Reformed  Church,  held  a  precarious  and  languish- 
ing existence,  in  fact,  but  a  nominal  one,  from  1794  until  1801. 
During  the  latter  year  the  Rev.  John  Croes  was  called  to  the 
rectorate  of  Christ  Church,  New  Brunswick,  and,  in  addition,  was 

*  Memoir  prepared  by  the  following  committee:  Edpar  B.  Van  Winkle,  Rudolph 
Bering,  and  Charles  Warren  Hunt.  Members,  Am.  Soc.  C.  E. 
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simultaneously  invited  by  the  trustees  of  Queens  College  to  reopen 
that  institution  by  establishing  and  taking  charge  of  its  Grammar 
School.  When,  after  six  years,  he  resigned,  the  school  had  become 
so  well  founded  and  prosperous  that  the  trustees  determined  that, 
under  the  old  name  of  Queens  College,  they  would  enlarge  its  scope 
and  reinstitute  a  complete  collegiate  course. 

Bishop  Croes  was  a  veteran  of  the  Revolutionary  War,  having 
served  three  years  in  the  army  when  a  young  man,  respectively  as 
private,  sergeant,  and  sergeant  major,  and  it  is  interesting  to  note 
that  he  is  the  only  person  rising  to  the  Episcopate  in  the  Protestant 
Episcopal  Church  who  ever  served  in  the  Continental  Army. 

The  boyhood  of  the  subject  of  this  memoir  was  passed  at  Rich- 
mond, Virginia,  and  at  Terre  Haute,  Indiana,  to  which  place  his 
family  moved  in  1843. 

His  fathei' — a  fine  classical  scholar — prepared  him  thoroughly 
for  college,  imiDarting  to  him  in  a  strong  degree  his  own  literary 
tastes,  and  laying  the  foundation  for  his  excellence  as  a  writer. 

Mr.  Croes  in  1850  entered  the  College  of  St.  James,  in  Hagers- 
town,  Maryland.  On  his  journey  there  from  Terre  Haute,  the  first 
seventy  miles  had  to  be  made,  over  the  National  Road  to  India- 
napolis, in  a  heavy,  canvas-covered  box  wagon,  without  springs,  and 
drawn  by  four  horses.  Indianapolis  was  at  that  time  the  western 
terminus  of  the  then  recently  constructed  Richmond  and  India- 
napolis Railroad. 

He  was  graduated  from  the  College  of  St.  James  in  1853,  and 
vt  once  began  the  study  and  practice  of  civil  engineering.  This 
action  w:^s  much  regretted  by  some  of  his  relatives,  who  felt  that 
such  an  "occupation"  was  unworthy  of  his  fine  equipment  of  in- 
tellect and  education,  which  should  have  been  reserved  for  one  of 
the  "three  learned  professions." 

His  first  employment  was  in  1854,  in  Xew  Brunswick,  Xew 
Jersey,  with  Israel  Smith  and  Peter  Sours  upon  surveys  for  the 
Newark  and  Bloomfield  Railroad,  and  with  the  New  Jersey  Rail- 
road and  Transportation  Company. 

His  fine  natural  abilities  and  industry  were  even  then  so  con- 
spicuous that  he  was  selected  by  the  late  James  P.  Kirkwood,  Past- 
President,  Am.  Soc.  C.  E.,  as  an  assistant  on  the  construction  of 
the  first  water-works  for  Brooklyn,  New  York,  and  finally  placed 
in  charge  of  the  construction  of  the  main  reservoir  and  pumping 
station  at  Ridgewood. 

In  1860  he  took  service  under  another  of  our  Past-Presidents, 
the  late  Alfred  W.  Craven,  then  Chief  Engineer  of  the  Croton 
Aqueduct  Department,  of  Xew  York  City,  and  was  detailed  as 
Principal  Assistant  to  still  another  of  our  Past-Presidents,  the  late 
General  George  S.  Greene,  on  the  Croton  Water- Works  Extension, 
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his  work  being:  mainly  on  the  construction  of  the  large  reservoir 
and  appurtenant  works  in  Central  Park,  and  of  the  so-called  High 
Bridge  Enlargement. 

General  Greene,  being  called  to  service  in  the  War  of  the  Re- 
bellion, was  succeeded  by  the  late  William  L.  Dearborn,  M.  Am. 
Soc.  C.  E.,  who  had  been  Resident  Engineer  on  the  High  Bridge 
Enlargement,  and,  in  turn,  Mr.  Croes  was  promoted  to  that  posi- 
tion and  completed  the  work. 

From  1863  to  1865  he  was  Principal  Assistant  Engineer  on  the 
Water- Works  of  Washington,  D.  C,  and  had  charge  of  completing 
its  Aqueduct,  and  the  famous  Cabin  John  Bridge,  as  well  as  build- 
ing the  dam  at  Great  Falls  on  the  Potomac  River.  During  some 
five  months  in  1865  he  assisted  his  old  chief,  Mr.  Kirkwood,  in 
examining  and  designing  improvements  for  the  water  supply  of 
both  Cincinnati  and  St.  Louis. 

In  1866  he  was  Principal  Assistant  Engineer  to'  General  Greene 
in  designing  and  constructing  the  first  of  the  storage  reservoirs  to 
be  built  in  connection  with  the  Croton  River  water  supply  of  New 
York  City. 

The  dam  of  this  first  reservoir,  situated  at  Boyd's  Corners,  Put- 
nam County,  Xew  York,  is  78  ft.  high  and  670  ft.  long,  and  was- 
unique,  as  far  as  America  was  concerned.  At  that  time,  nothing: 
on  high  masonry  dams  had  been  published  in  the  English  language. 
About  six  months  after  work  began,  General  Greene  was  called 
away  to  assume  the  position  of  Commissioner  and  Chief  Engi- 
neer of  the  entire  Croton  Aqueduct  Department,  and  Mr.  Croes 
was  placed  in  charge  of  the  Boyd's  Corners  Dam,  which  he  practi- 
cally completed  in  1870,  at  which  time,  the  Tweed  regime  having 
been  inaugurated,  men  of  strict  integrity  and  strength  of  charac- 
ter were  an  inconvenient  factor,  and  General  Greene  and  Mr.  Croea 
were  quickly  required  to  make  room  for  more  congenial  officials. 

In  1872,  George  H.  Norman,  M.  Am.  Soc.  C.  E.,  had  presented 
a  fund  to  the  Society  to  provide  a  gold  medal  to  be  awarded  annual- 
ly to  the  paper  which  should  be  judged  worthy  of  special  commen- 
dation as  a  contribution  to  engineering  science.  The  first  award 
of  this  medal  was  made  to  Mr.  Croes  for  his  paper  descriptive  of 
the  Boyd's  Corners  Dam,  entitled  "Memoir  of  the  Construction  of 
a  Masonry  Dam."'^ 

In  1870,  upon  retiring  from  the  position  of  Resident  Engineer 
of  the  Boyd's  Corners  Dam,  Mr.  Croes  became  Principal  Assistant 
to  William  H.  Grant,  M.  Am.  Soc.  C.  E.,  in  the  work  of  laying  out 
street,  sewerage  and  water  systems  for  that  portion  of  New  York 
City  north  of  155th  Street,  as  well  as  certain  parts  of  Westchester 
County. 

*  Transactions,  Am.  Soc.  C.  E..  Vol.  III.  page  337. 
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In  1872,  upon  the  retirement  of  Mr.  Grant,  Mr.  Croes  was  ap- 
pointed Topographical  Engineer  of  the  newly  created  Department 
of  Public  Parks,  charged  with  laying  out  a  system  of  streets,  parks, 
etc.,  for  the  newly  annexed  portion  of  New  York  City,  embracing 
some  12  300  acres  beyond  the  Harlem  River. 

The  City  of  New  York,  at  this  critical  period  in  its  develop- 
ment, was  fortunate  in  securing  the  services  of  a  man,  so  able, 
original,  and  intelligent,  and  with  the  courage  of  his  convictions. 

The  commissioners  who  laid  out  New  York  in  1811  had  adopted 
a  most  crude  arrangement  of  streets  and  avenues,  all  at  right  angles, 
without  regard  to  the  topography  of  the  land  subdivided  or  the 
convenience  or  rights  of  the  general  public.  Mr.  Croes  used  the 
rectangular  system  of  streets  where  it  was  economical  and  con- 
venient, but  did  not  hesitate  to  replace  it  by  one  adapted  to  the 
topography,  and  introduced  curved  avenues  where  the  grades  or 
the  cost  of  grading  could  be  reduced  thereby.  From  aesthetic  con- 
sideration, as  well  as  those  of  utility,  he  first  introduced  systems 
of  parkways  connecting  well-defined  centers. 

For  this  departvire  from  the  extravagant  system  of  inflexible 
rectangularity,  Mr.  Croes  was  subjected,  more  or  less,  to  ignorant 
criticism,  and  in  some  cases  to  the  active  hostility  of  land  owners 
who  were  wedded  to  the  awkward  lot  unit  of  25  by  100  ft. 

Being  clear  as  to  the  correctness  of  his  views,  he  was  not  a  man 
to  present  plans  inspired  by  considerations  of  temporary  ex- 
pediency. Time  has  justified  his  wise  foresight,  and  those  portions 
of  the  "Annexed  District,"  where  his  original  plans  have  actually 
materialized,  are  more  attractive  and  convenient  than  any  location 
in  the  rectangular  districts  having  similar  natural  topography. 

In  1879,  Mr.  Croes  resigned  from  service  in  the  Department  of 
Public  Parks,  and  thereafter,  to  the  end  of  his  life,  devoted  himself 
to  developing  a  private  practice,  initiated  in  1870,  in  connection 
with  the  firm  of  Croes,  Church  and  Van  Winkle.  Henceforth,  his 
high  professional  ability  and  ripe  experience  became  more  and  more 
known;  and  his  work  developed  largely  into  that  of  consultation  on 
matters  of  hydraulic  engineering.  His  reputation  in  this  capacity 
was  so  widespread  that  he  received  calls  from  all  parts  of  the  country. 

The  water  supply  of  Newark,  New  Jersey,  was  the  subject  of 
an  exhaustive  examination  and  report  in  1879,  and  later,  for  the 
Lehigh  Valley  Railroad  Company,  he  conducted  extensive  investi- 
gations which  resulted  in  the  execution  of  a  contract  for  supplying 
water  for  Newark,  since  carried  out  by  another  company. 

As  a  notable  exception  to  his  consultation  practice,  he  served 
as  Chief  Engineer  of  the  Suburban  Rapid  Transit  Company,  from 
its  formation  until  its  merger  with  the  Manhattan  Company  in 
1891.     Under  his  supervision  some  four  miles  of  elevated  railroad 


Menioii>^.]      :\ii;,M()L1;  of  JOHN  JAMKs  UOUKKTSOX   CROES  567 

were  built,  iiieliuling'  the  large  draw-bridge  across  the  Harlem  River 
at  Second  Avenue.  An  unique  feature  of  this  road — one  strongly 
advocated  by  Mr.  Croes — \\'as  the  purchase  of  a  right  of  way  through 
private  property. 

In  1889,  Mr.  Croes  made  extensive  examinations  relative  to  the 
water  supply  for  Syracuse,  Xew  York,  and  his  recommendations 
and  plans,  embodied  in  a  valuable  report,  were  adopted  and  sub- 
sequently carried  out. 

In  1889  he  was  one  of  a  Board  of  Experts  to  report  on  the 
Quaker  Bridge  Dam  for  the  Croton  Aqueduct  Commission. 

In  1899  he  prepared  for  the  Comptroller  of  the  City  of  New  York 
a  report  on  the  New  York  Water  Supply;  and  in  1900  another  for 
the  Merchants'  Association  on  the  same  subject.  In  these  he  pointed 
out  the  waste  of  water  constantly  going  on  in  the  city,  and  urged 
the  necessity  for  a  more  general  use  of  water  meters. 

In  1901  he  served  as  a  member  of  a  Board  of  Consulting  En- 
gineers which  prepared  a  report  for  the  Croton  Aqueduct  Commis- 
sion on  the  New  Croton  Dam  and  Reservoir. 

He  prepared,  and  in  several  cases  carried  out,  plans  for  water 
supply,  sewerage,  etc.,  for  many  small  cities,  among  them  those  for 
Lancaster,  Pennsylvania,  and  Lawrenceville,  New  Jersey. 

In  1895,  Governor  Morton  appointed  him  as  one  of  the  Com- 
missioners for  the  Preservation  of  the  Palisades.  He  was  a  most 
interested  enthusiast  on  this  subject,  and,  although  serving  without 
remuneration,  threw  himself  into  the  work  with  great  energy, 
sparing  neither  time  nor  expense  to  promote  the  salvation  of  this 
magnificent  monument  of  Nature. 

From  1903  to  1905,  he  served  as  Consulting  Engineer  for  the 
New  York  State  Health  Department,  and  in  this  capacity  investi- 
gated and  reported  upon  many  technical  questions. 

From  1903  to  his  death,  which  occurred  just  as  the  work  was  on 
the  threshold  of  completion,  Mr.  Croes  was  engaged  as  Engineer 
of  the  Construction  of  the  Artificial  Lake  for  Princeton  University. 
At  the  exercises  marking  the  formal  presentation  of  the  lake  to  the 
University,  President  Wilson  voiced  the  sentiment  of  many  when 
he  said : 

"I  deeply  regret  the  fact  that  Mr.  Croes,  the  distinguished  en- 
gineer who  devoted  himself  with  so  much  interest  to  the  execution 
of  this  public  project,  did  not  live  to  see  its  happy  completion." 

In  1897  a  sudden  and  severe  illness  prostrated  Mr.  Croes,  and 
from  that  time  until  his  death,  which  occurred  on  the  17th  day  of 
March,  1906,  he  was  never  a  well  man,  yet  he  continued  to  work 
indefatigably  to  the  end. 

This  sketch,  which  is  rather  a  suggestion  than  a  statement  of 
the  work  done  by  Mr.  Croes  during  his  fifty  years  of  professional 
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life,  would  be  incomplete  without  refereiice  to  his  literary  achieve- 
ments. He  wrote  easily  and  well  on  technical  and  general  subjects. 
He  contributed  largely  to  the  editorial  pages  of  The  Sanitary  Engi- 
neer (now  The  Engineering  Record)  during  some  ten  years,  and  for 
many  years  compiled  the  ''History  and  Statistics  of  American 
Water- Works/'  published  by  Engineering  News.  He  also  con- 
tributed to  The  Railroad  Gazette  notable  articles  on  Rapid  Transit, 
reviews  of  scientific  books  to  the  Neiv  York  Times,  and  prepared 
many  professional  papers  for  the  technical  societies  of  which  he 
was  a  member.  He  was  also  the  author  of  a  number  of  articles  for 
"Johnson's  Universal  Cyclopedia."  Among  his  literary  accom- 
plishments was  also  a  poetical  ability,  which,  however,  was  rarely 
revealed,  and  then  only  to  a  few  intimates. 

Upon  the  reorganization  of  the  American  Society  of  Civil  En- 
gineers in  1867,  after  a  dormant  period  of  fifteen  years,  Mr.  Croes 
was  among  the  first  of  the  younger  engineers  elected  to  member- 
ship, and  throughout  the  rest  of  his  life  he  was  devoted  to  its  wel- 
fare, a  conspicuous,  enthusiastic,  and  hard-working  iTiember. 

Without  detracting  from  the  memory  of  any  of  the  great  men 
who  laid  the  foundation  for  and  started  the  upbiiilding  of  this 
Society,  it  can  be  tridy  said  that  to  no  one  is  it  more  indebted  for 
faithfid  service  and  undeviating  loyalty  than  to  the  subject  of  this 
memoir.  He  served  as  a  Director  in  1877,  as  Treasurer  from  1378 
to  1887,  as  Vice-President  in  1888,  and  as  President  in  1901.  As  a 
Past-President  he  continued  to  serve  as  a  member  of  the  Board  of 
Direction  until  his  death,  and  svich  was  his  devotion  to  the  Society 
that,  unless  restrained  by  illness,  he  never  failed  to  attend  the  meet- 
ings of  the  Board.  In  1881,  without  compensation  or  assistance, 
he  prepared  a  catalogue  of  the  railroad  section  of  the  Library,  con- 
sisting of  a  volume  of  188  pages. 

Mr.  Croes  was  also  a  Member  of  the  Institution  of  Civil  Engi- 
neers of  Great  Britain,  of  the  American  Public  Health  Associa- 
tion, and  the  American  Water  Works  and  the  New  England  Water 
Works  Associations. 

He  was  by  nature  a  man  of  essentially  social  tendencies,  the 
indulgence  of  which  was  limited  and  constrained  by  the  exigencies 
of  an  unusually  active  professional  life.  Of  fine  intellectual  gifts, 
broad  education,  acqiiaintance  with  literature,  varied  experience 
with  many  classes  of  men,  united  with  a  retentive  memory  and 
keen  sense  of  humor,  he  was  always  an  attractive  talker. 

These  qualities,  combined  with  buoyancy  of  spirits,  made  him 
as  a  young  man  a  delightful  comrade,  and  when  ripened  with  years 
a  most  interesting  and  instructive  companion.  Euthusiasm  in  re- 
gard to  whatever  matter  he  took  up,  either  of  professional  work, 
recreation,  or  controversy,  was  a  dominant  feature  in  his  character. 
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;iii(l  made  him  a  potent  advocate  and  natural  leader.  He  was  a  good 
linguist  and  a  discriminating  lover  of  music  and  art.  His  Scotch 
raul  Dutch  ancestry  made  him  a  man  of  positive  convictions,  and 
tenacious  of  his  views  when  once  carefully  established.  When  led 
into  controversy,  he  was  a  formidable  opponent,  while,  as  a  friend, 
he  was  most  steadfast  and  loyal. 

A  well-founded  confidence  in  his  own  mental  equipment  made 
him  largely  free  from  self-consciousness,  and  he  was  a  good  expert 
witness,  the  subject  in  hand  monopolizing  his  thoughts  without 
embarrassment  as  to  the  impression,  favorable  or  unfavorable,  he 
•might  be  making. 

He  joined  the  Union  League  Club  in  1869,  and,  later,  naturally 
gravitated  to  the  congenial  intellectual  atmosphere  of  The  Century 
Association,  to  which  club  he  was  elected  in  1884,  and  where  he 
\7rs  ever  a  welcomed  and  valued  member.  At  the  time  of  his  death 
he  was  serving  as  a  member  of  its  Committee  on  Admissions. 

Of  all  the  phases  of  Mr.  Croes'  life,  the  one  least  known  to  the 
world  at  large,  but  one  that  was  finest,  as  seen  by  his  intimates, 
was  his  domestic  life.  His  spirit  was  true  altruism.  He  never 
married,  and  his  devotion  to  his  family  can  only  be  described  as 
beautiful.  Nothing  he  did  for  them  was  ever  felt  as  a  sacrifice. 
His  happiness  was  only  reached  through  their  happiness.  Such 
affection  was  warmly  reciprocated,  and  his  home  was  made  for  him 
a  place  of  charm  as  well  as  rest. 

In  analyzing  the  life  and  character  of  Mr.  Croes,  two  elements 
are  always  distinctly  traced :  strength  and  intellect.  As  a  young 
man,  he  was  strong  physically,  but  as  conditions  changed  with  age, 
this  attribute  greatly  lessened,  but  his  mentality  seemed  to  gain 
more  than  his  physical  strength  lost. 

His  power  of  mind  and  body  was  shown  in  his  remarkable 
capacity  for  concentration  and  the  accomplishment  of  work.  His 
reports  were  always  based  on  the  most  extensive  statistics  and  sets 
of  observations  available,  all  elaborated  and  collated  with  unlimited 
labor,  so  that  the  conclusions  reached  were  clear  and  logical,  and 
hence  convincing.  The  rapidity  of  his  work  was  due  in  a  large 
measure  to  his  power  of  concentration,  to  system,  and  to  his  habit 
of  economizing  time.  As  an  instance  of  this  habit,  the  paper  for 
which  he  received  the  Norman  Medal  was  largely  written  on  scraps 
of  paper  while  waiting  for  railroad  trains. 

He  was  honest — as  befitted  a  strong  man — and  no  considerations 
of  policy  or  fear  of  consequences  ever  made  him  swerve  in  demand- 
ing honest  work  from  contractors.  His  life,  in  this  respect,  could 
be  held  up  to  our  younger  engineers  as  an  example. 

His  strength  made  him  positive  in  his  convictions,  and  strenu- 
ous in  maintaining  them,  and  sometimes  led  to  strong  antagonisms. 
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Although  at  times  an  active  partisan,  he  was  always  an  honest 
antagonist,  fighting  openly  and  never  striking  in  the  back. 

In  his  business  dealings  it  may  be  said  of  him  as  was  said  of 
another  distinguished  member  of  this  Society:  "He  was  not  only 
straight  from  a  business  point  of  view,  but  he  was  morally  straight." 
With  his  strength  of  character,  self-respect  and  rugged  honesty,  he 
could  never  become  a  courtier,  and  the  flattery  he  detested  to  re- 
ceive he  never  thought  to  apply  to  others,  not  even  in  the  form  of 
-studied  deference  which  at  times  might  have  gained  for  him  pro- 
fessional advantage. 

His  mind  was  so  receptive  that  full  advantage  was  easily  taken 
of  all  opportunities  for  the  acquisition  of  knowledge,  which  made 
him  unusually  conspicuous  as  a  general  scholar  among  professional 
colleagues'.  He  kept  in  touch  with  the  advancement  of  science  and 
all  questions  of  the  day,  and  could  intelligently  appreciate  and  en- 
joy intercourse  with  men  versed  in  the  many  forms  of  learning. 

This,  in  brief,  is  the  record  of  an  eminent  engineer,  who  for 
so  many  years  has  been  a  familiar  figure  at  gatherings  of  the  Ameri- 
can Society  of  Civil  Engineers,  who  held  positions  of  trust  in  its 
management,  who  unstintingly  worked  for  its  welfare,  who  un- 
selfishly helped  to  guide  its  policy  from  weak  infancy  to  maturity 
and  world-wide  influence,  and  who  loved  it  beyond  all  else  save  his 
family. 
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